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PURE SCIENCE AND ENGINEERING! 


A GENERATION ago the physicist felt himself to be a 
very superior sort of person indeed. If he were called 
upon to address an audience, as I am to-day, made up 
largely of engineers, he had to make a conscious effort 
not to appear condescending. He knew, and was very 
conscious of his knowledge, that his quest for scientific 
truth was a finer and more altruistic thing than the 
engineer’s search for a useful application of a prin- 
ciple. There were a number of sure guiding prin- 
ciples which he had discovered: law of this, conser- 
vation of that and the principle of the other thing. 
By the end of the last century the physicist was be- 
coming a bit dogmatic and certainly in no apparent 
danger of acquiring an inferiority complex. To-day, 
all this is changed, at least for all cf us except the 
very few of the brilliant young men who are cour- 
ageously tackling what we are coming to feel is about 
the most elusive and capricious thing in all nature— 
the atom. 

During the past twenty-five years dogma generally, 
and scientific dogma in particular, has grown unfash- 
ionable, and we physicists have become as a class sin- 
gularly free from cock-sureness and perhaps rather 
too humble when we consider the wealth of important 
discoveries which have come as by-products in our as 
yet unsuccessful attempts to understand the nature 
and behavior of the atom. 

We feel much more sympathetic to the biologist 
than we did; our troubles with inanimate matter make 
us realize better what difficulties he is confronted with, 
deprived as he is of the aid of the higher mathematics 
which has been of such great help to us. We feel a 
need as never before of aid from the engineer, for 
research in atomic physics is requiring ever more 
powerful accessories such as only the engineers can 
furnish us. 

We are glad therefore to recall tactfully the debt 
which engineering owes to former and present re- 
search workers in the pure sciences and to enlist your 
intelligent interest in the solution of what appears to 
be for pure and applied science alike the most funda- 
mental problem—the constitution of the atom. 


1 Address given on the occasion of the opening of the 
Engineering Building of Princeton University, November 
15, 1928, 
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We are glad to acknowledge at the same time our 
debt to you, and we would remind you that we too are 
engineers, or at least descendants of engineers. 

Engineering is the response of science to the prac- 
tical needs of the day, and research beyond the known 
is first of all necessary and then is prosecuted for its 
own sake. The demand for the application of what 
was known has invariably preceded the study of the 
subject for its own sake and we are merely further 
advanced in this necessary evolution than you are. 
The demand for application to medicine created the 
science of chemistry. Archimedes, to mention only 
one of the founders of mechanics, appears to have 
been working on a definite practical problem when he 
discovered the principle which bears his name. 

Astronomy certainly grew out of the needs, prac- 
tical in its day, of astrology, while later in England 
under the Stuarts the first astronomical observatory 
was founded for the practical needs of a sea-faring 
nation. 

This growth of the pure sciences in response to the 
practical needs of the time is shown in the history of 
the oldest universities: Bologna before 1118 began as 
a law school; Salerno, 1231, as a school of medicine; 
Paris, twelfth century, as a theological seminary; 
Montpellier, 1190, as a school of medical jurispru- 
dence. Later in our own country all the colleges 
founded before 1826 (University of Virginia) were 
in reality training schools for the clergy or for 
lawyers. 

The first universities to offer a studium generale 
were Toulouse and Orleans in the first half of the 
thirteenth century, and it was in these and the many 
universities founded in Europe in the succeeding cen- 
turies that the dictum of Aristotle, “the universal pur- 
suit of utility is far from becoming to magnanimous 
and free spirits,” acted to exclude the pure sciences 
from the eurricula. If our modern universities have 
acted in a stepmotherly fashion towards engineering 
and other professional studies until a way was found 
of including these subjects in separate schools or col- 
' leges, the treatment of the pure sciences by the medi- 
eval university was still harsher, for they were ex- 
eluded entirely from fellowship with the seven sub- 
jects which constituted the liberal arts. The trivium 
and quadrivium of the earlier universities were lik- 
ened to the seven columns of the House of Wisdom, 
spoken of in the Book of Proverbs. Dante likened 


them to the seven celestial spheres, and placed gram- 
mar in the humble sphere of the moon, arithmetic in 
the more exalted sphere of the sun and astrology in 
the outermost of the seven spheres; a place was found 
for philosophy still more exalted in the empyrean. 
It was no easy matter for science or indeed for any 
new subject to break into good university society—a 
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society which regarded itself not only as the deposi. 
tory of all scholastic wisdom, but even as divinely 
ordained and constituted in seven and only seve, 
branches. 

Modern science had to organize itself outside th 
university: in England through the Royal Society ; in 
France in part through the Institut de France and jy 
part in the Muséum and the Collége de France, j, 
was only when the universities were reorganized under 
separate faculties that pure science became an jp. 
tegral part of the university in most European coun. 
tries and in the United States. 

With regard to engineering and other applied g¢i- 
ences the general practice in the United States has 
been to admit them to equal administrative standing 
with the other schools or faculties which constitute the 
modern university. In European countries which 
have ministries of public instruction the practice has 
been to constitute schools of engineering, agriculture, 
and the like, administratively under the ministry, but 
nearly, or entirely, divorced from the state-supported 
university. It is of course inconsistent to include 
within the university faculties of applied science such 
as medicine and pharmacy, and professional schools 
such as law, and to exclude schools of engineering and 
agriculture, but most European universities prefer to 
be inconsistent rather than depart from the tradition 
of the Four Faculties first introduced into Paris in 
the Middle Ages. 

The American practice has in its favor the keeping 
together in one administrative unit the faculties of 
pure and of applied sciences. This should and doubt- 
less does keep down administrative and instructional 
overhead expenses and provides the possibility for 
natural and helpful personal contacts between the 
technical man and his more theoretical colleague. 

One minor weakness of our system is that there are 
drawn into the enrolment of a technical school many 
students who are not destined for a technical career, 
nor indeed capable of entering it, but who have pre- 
pared themselves along lines which permit their ad- 
mission to the technical school but would debar them 
from admission to the colleges of the liberal arts or 
of science. 

The task of the modern university is twofold: 
teaching and discovery, or some other creative work 
which will add to the sum total of the resources of 
civilization in its attainment of liberty and its pursuit 
of happiness. Its task of teaching is of itself two- 
fold. The providing of a general cultural education 
for all qualified to enter its gates, and the providing 

of special technical training in some or all of the lib- 
eral professions. Society needs the cultured man of 
the world and man of affairs. It needs the best and 
even better in its learned professions, and it needs the 
















jiscoveries OF creative effort of the so-called research 
ely ME workers to enrich the material or spiritual life of the 
ven Ma pation. Pr 

The modern university is at least organized in a 
manner to perform this task for society. It is a com- 





th 
. munity of teachers and teacher-scholars. It is not 
in A like a tree or growing thing with branches smaller and 


It Ma less. fundamentally important than trunk or roots; 
rather is it like a network of electrical high-tension 
wer distribution, each member of which may supply 
most of its local needs: but which is so tied up and 
cross-linked with all the other members that it may 
draw or give power as the loads shift. At one time 
the flow may have been from the chemistry power sta- 
tion towards that of engineering, but if chemical en- 
gineering not only teaches its trade but also experi- 
ments in its own field it may generate sufficient power 
to sustain an outward flow that may be available at 
some unexpected point in the network. 
t The modern university is organized for cooperative 
] effort, and I personally welcome the inclusion within 
. the cooperative body of any school, technical or pro- 
fessional, whose object is the betterment of the train- 
ing of its graduates and the prosecution of research in 
the fields of its underlying principles or their appli- 
cations to the fundamental problems of everyday life. 
These schools must exist somewhere, and it seems to 
me that they may be maintained at a high level of ex- 
cellence more easily within than without the univer- 
sity. 

In an address on the relation of engineering to pure 
science it seems to be unavoidable that I should touch 
on the debt which engineering owes to research in the 
fundamental sciences, notably physics and chemistry. 
It is a very hackneyed subject and one which does 
not tempt me to talk at length. Everybody admits 
that without the fundamental researches of Michael 
Faraday in electromagnetism the vastly important 
technical subject of electrical engineering would not 
exist to-day, and our lives would be the poorer with- 
out the convenience which electric power brings into 
our homes, not to speak of the indirect benefits we all 
have from the use of electricity. I suppose we physi- 
cists may feel a glow of pride when we reflect that all 
this is due to the fundamental discovery of one of our 
own great men, but after all who was there to make a 
fundamental discovery such as Faraday’s if not a 
physicist? There were actually no electrical engi- 
heers. In a certain sense Faraday was the first elec- 
trical engineer, and his intellectual progeny have 
done marvelous things with his original discovery, and 
so Faraday belongs hardly more to us than to you. 
Again, without the theoretical work of Clark Maxwell 
and the experimental verification of it by Heinrich 
Hertz, and I believe also the experimental work of 
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O. W. Richardson here at Princeton, physicists all, 
we should not have the not-unmixed blessings of the 
radio. However, we should see in this instance not a 
cause for complacent self-congratulation of the theo- 
retical scientist, but rather a clear example of the 
benefits of cooperative endeavor of pure and applied 
science. 

Chemistry as a quantitative science is hardly more 
than a hundred years old, and chemical engineering 
is now only a lusty infant who bids fair to outgrow 
his big electrical brother. Naturally industrial chem- 
istry has leaned heavily on the pure science and it 
seems to me in Europe threatens to absorb entirely 
the organic branch. In this field as in electrical engi- 
neering the great industrial corporations are estab- 
lishing pure research laboratories in addition to their 
prosecution of industrial research. This is a tribute 
to the value of fundamental research and an indica- 
tion that it is felt by the leaders in these industries 
that our universities are producing the right kind of 
men but not enough of them. Besides these research 
workers in the pay of industry but whose work is not 
always directed towards industrial applications there 
is a new class of worker growing up among us—the 
engineer, chemist or physicist engaged in the indus- 
tria] research laboratories—fellow workers with those 
in the shops but university bred and scientifically 
alert. Sir William Bragg, in his presidential address 
at the last meeting of the British Association, said: 


The primitive craftsman has been replaced by separate 
persons or groups who have slipped away from each other 
almost without our realizing the fact. In the most recent 
times the separation has become more obvious and more 
dangerous, and that is why in so many directions efforts 
are being made to stem it. Can it be that the workman 
has a part demanding little intelligence, merely the 
capacity to repeat? Can it be expedient that mere 
manipulation should be left in the shop, while design and 
imagination have gone into the drawing office and shut 
the door behind them? Can it be right that the factory 
directorate should not be in immediate contact with the 
vast body of scientific knowledge? 


Sir William Bragg, who combines the rare gifts of 
the prolifie research worker and the inspiring popu- 
larizer of physical science, the gift in the latter field 
of a Tyndall and in the former that of a Faraday, 
has called attention to the need for a new type of en- 
gineer and to his opportunities for usefulness—the 
man close to the workingman, but not over him, to 
see that standardized processes be carried out accord- 
ing to plan, but obviously searching for new and 
better methods of accomplishing the old tasks. 

We have a right to be proud of what seems to me to 
have been the greatest achievement of the American 
engineers, at least in so far as it has affected the liv- 
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ing conditions of the majority of our population. I 
refer to mass production and I realize that others 
than the American engineers have participated in 
building it up. Through its establishment in manu- 
facturing processes generally we are able so to cut 
down waste that we can compete in foreign markets 
with the products of other countries where working- 
men must accept a lower standard of living, and our 
present great national welfare is in large measure 
chargeable to our development of mass production. 
Other countries are beginning to copy our methods, 
and the phrase “Americanization of industry” is 
translated into every language of western Europe. In 
a recent long residence abroad I have heard or read 
the phrase more often than any other, not even ex- 
cepting the familiar ones “since the war” or “because 
of the war.” 

Now mass production has perhaps been a blessing 
to us in providing the workingman with a high wage 
and a large variety of commodities at a reasonable 
cost and ministering to the necessities of many who 
except for it must have gone without conveniences 
which free them for creative effort of their own and a 
sane enjoyment of the good things of life. But mass 
production can only be a quiet and very profitable 
phase in our restless search for the new and the 
better. I have no doubt but that there was mass pro- 
duction of bows and arrows and arbalests about the 
time that gunpowder came into use. It would ap- 
pear that Great Britain’s present industrial difficulties 
are due to the fact that an earlier monopoly in certain 
trades, a sort of mass production of an earlier time, 
has been lost partly through inattention to the possi- 
bilities of scientific betterment of existing methods 
and partly through disinclination to write off as losses 
huge capital expenditures of an earlier generation 
and risk new capital in the hope of greater returns. 

Applied science builds and destroys. In this coun- 
try we are feeling the effects, perhaps only tem- 
porarily, of applied science the builder. Some coun- 
tries have adopted methods similar to ours, or have 
frankly copied us and hope to beat us at our own 
game; others hesitate in fear of the political conse- 
quences of transplanting something wholly alien to 
their own age-old tradition. 

We shall surely not be left to profit by our discov- 
ery of the benefits of mass production, and if we are 
not it will be to our pure and applied scientists we 


-must look quite as much as to our laborers, organizers 


and legislators to preserve our high standard of living 
in the competition for foreign markets. 

Already and for some time past it is the scientist 
or the engineer who by his discoveries or their appli- 
eation has more profoundly modified our habits than 
any other class of worker. The invention of the tele- 
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phone has many-folded the efficiency of the business 
man and forced us all into the habit of making quick 
decisions. The motor has increased our Possible 
radius of action at least tenfold and has utterly 
changed the conditions of life of our rural population, 
The cinema and the radio have provided new amuse. 
ments for us so that we find less time for reading anq 
study. There has been introduced through thes 
agencies a more general diffusion of superficial infor. 
mation at a cost of the riper culture which comes from 
reading and study. Scientific knowledge and the ap- 
plication of some of the discoveries are advancing 
over a very wide front, and the direction or amount 
of its motion at any point can not be predicted and 
ean not and should not be controlled. Any day dis. 
coveries and adaptations of these may be made which 
will more profoundly modify our habits than the pas. 
sage of laws by legislators. Any day a discovery in 
organic chemistry may be made which will lead to the 
substitution of a synthetic product for a natural one 
and bring to the starvation point whole populations 
on the other side of the earth, or a biochemist may 
synthesize another rare organic compound that will 
check the ravages of some dread disease. 

Scientific inquiry into cause and effect and engi- 
neering craftsmanship are making the conditions 
under which we live, and this is happening and must 
happen without there being any social plans, except 
as these may be formed after the event by the finan- 
cier and the legislator. The Bishop of Ripon at the 
Leeds meeting of the British Association in 1927 
voiced a fairly general feeling of apprehension when 
he pleaded for a ten years’ holiday in scientific in- 
quiry and invention in order to let the economic, 
political and ethical branches of knowledge catch up 
on a runaway science. The proposal of a holiday is 
impractical, but the methods which have done much 
to stimulate and encourage research work in the pure 
sciences might be applied more liberally in the politi- 
eal, economic, historical and ethical field than they 
are at present. Pure science has been fortunate it 
the past in disposing of funds for fellowships for 4 
well-selected group of outstanding research students 
who have passed the stage of candidacy for any 2c 
demic degree and have already shown promise in their 
published work. 

A liberal expenditure of funds for fellowships 
the humanities and the support of a well-considered 
plan for bringing some sort of system and order into 
the chaotic state brought about by haphazard legisla- 
tion might do much to remove the possible menace 1 
our civilization which the Bishop of Ripon, speaking 
for a large class, fears from our overstimulated s¢! 
ence and invention. 
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personally I do not fear that our civilization will 
jestroy itself with the aid of its own misdirected in- 
yentions. I foresee that more and more the engineers 
and scientifically trained men will direct the great 
gcial activities of government and the large indus- 
trial corporations. Seience has always recruited from 
the type of man whose search for truth has been dis- 
ionate. The erudite and the intellectuals have 
ed; the people, knowing the leaders to be disinter- 
ested, have followed, and the existing order has been 
changed by evolution rather than by revolution. 

We, in the training schools of the engineer and the 

pure scientist, must see to it that we train men of this 
type to take ever more important part in the direc- 
tion of the affairs of the nation, and we must also see 
to it that as we are able to raise the standards for 
entrance we demand a broader cultural foundation 
on which to build our special training and that we 
provide opportunities and incentive for further self- 
‘alture on the side of the humanities while students 
are receiving this special training. This may now 
sem like an impossible counsel of perfection, but 
competition for desired positions, which has hitherto 
not been acute, owing to our favored position as a 
young nation with large national resources, is sure to 
become greater. Ambitious youth will come to us 
better trained than at present and we can and must 
raise our standards of admission and enhance the 
value of what we have to offer in general and special 
training. 

The points I have tried to make in this speech are 
the real solidarity of the pure and the applied sci- 
ences, that the history of pure science in winning a 
place in the general educational system has been re- 
peating itself in the case of applied science and that 
more and more the scientist is going to be called on 
to render social services to the nation, and that the 
duty lies on us who are engaged in educating the next 
generation to plan for a broadening of the cultural 
base on which we build. 

AvGustus TROWBRIDGE 

PRINCETON UNIVERSITY, 

NoveMBER 15, 1928 





THE APPORTIONMENT SITUATION IN 
CONGRESS 


Tue problem of reapportionment in Congress has 
two interesting aspects, one political and one scien- 
tific. 

(1) On the political side, an analysis of the vote on 
the latest reapportionment bill (H. R. 11725, May 18, 
1928) shows that the defeat of the bill (186 to 164) 
was due mainly to the opposition of those states which 
expected to lose representatives if the bill were passed. 
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There were seventeen states which expected to lose 
one or more representatives, namely: Alabama, Indi- 
ana (2), Iowa (2), Kansas, Kentucky (2), Louisiana, 
Maine, Massachusetts, Mississippi (2), Missouri (3), 
Nebraska, New York, North Dakota, Pennsylvania, 
Tennessee, Vermont, Virginia. Every one of these 
states, with the exception of Massachusetts and part 
of New York, voted against the bill; and the vote 
within each state delegation (excepting New York 
and Pennsylvania) was practically unanimous. 

On the other hand, there were eleven states which 
expected to gain one or more representatives, namely : 
Arizona, California (6), Connecticut, Florida, Michi- 
gan (4), New Jersey (2), North Carolina, Ohio (3), 
Oklahoma, Texas (2), Washington. Every one of 
these states voted in favor of the bill, the vote within 
each state delegation being again nearly unanimous. 

The first group of 17 states controls 215 members; 
the second group of 11 states controls 109 members; 
so that in the two groups together about three quar- 
ters of the House is accounted for. The remaining 
twenty states, controlling 111 members, had nothing 
to lose or gain by the passage of the bill, and the 
votes from these states were about equally divided for 
and against. 

It is obvious from this analysis that the political 
difficulties attending the passage of any reapportion- 
ment bill are very great. On the one hand, according 
to the population estimates for 1930, the only way to 
avoid loss to any state would be to increase the size 
of the House to something like 534 members. On the 
other hand, any proposal to enlarge the House above 
its present size (435) is certain to meet determined 
opposition both in and out of Congress. 

(2) On the scientific side, there is the question as 
to the choice of the best method of computation. This 
scientific aspect of the problem is surprisingly closely 
related to the political aspect, as the following brief 
sketch of recent history will show. 

The apparently simple arithmetical problem of 
computing the proper assignment of a specified num- 
ber of representatives to the several states in propor- 
tion to their populations was an unsolved problem for 
over a hundred years. Up to 1921, no scientific tests 
of a good apportionment were known; a variety of 
empirical methods were tried and later discarded, and 
the decennial debates in Congress were often bitter. 
Since 1921, however, a series of scientific papers (the 
latest appearing in the Transactions of the American 
Mathematical Society for January, 1928) has pro- 
vided a complete mathematical analysis of the prob 
lem. It is now known that among all the possible 
methods, the method of equal proportions is the only 
one which satisfies the very obvious test of making 
both the ratio of population to representatives and 
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the ratio of representatives to population as nearly as 
possible the same in all the states; furthermore, it has 
been mathematically demonstrated that this is the only 
method which has no bias in favor of either the larger 
or the smaller states. 

On these accounts, the method of equal proportions 
was promptly endorsed in 1921 by a unanimous re- 
port of the Census Advisory Committee (published in 

the Journal of the American Statistical Association 

_ for September, 1921, and reprinted in the Hearings 
before the House Committee on the Census for both 
1927 and 1928), and was later approved by a general 
consensus of scientific opinion. This was the method 
specified in the only apportionment bill that came to 
a vote in the House in 1927 (H. R. 17738, by Mr. 
Fenn, March 3, 1927); although this bill was defeated 
by 199 to 187, the debate on the floor of the House 
showed that the defeat was due entirely to political 
causes; no objection whatever was raised against the 
choice of method. Also, the method of equal propor- 
tions was the only method mentioned in the bills in- 
troduced in the House in the early part of the winter 
1927-28 (H. R. 130, by Mr. Fenn; H. R. 209, by Mr. 
McLeod; H. R. 5519, by Mr. Crail; H. R. 10963, by 
Mr. Jacobstein). Jn all these bills the method of 
equal proportions was accepted without question as 
the standard method. 

In February, 1928, however, Professor W. F. 
Willcox appeared before the House Committee on the 
Census and urged “amending the bills by changing 
the method specified in them from the method of equal 
proportions to the method of major fractions” (Hear- 
ings, February 21, 1928, p. 88). In this he was en- 
tirely successful, and the bill (H. R. 11725) finally 
reported by the committee on April 4 specified the 
method of major fractions, on the ground that this 
method had been used once before in 1911, and that a 
similar method had been used in 1840. 

This eleventh-hour change from the scientific 
method of equal proportions to,the method of major 
fractions proved to be a distinct hindrance to the 
passage of the bill, as is shown by a study of the de- 
bate on the floor of the House (see the Congressional 
Record for May 17 and 18, 1928). 

Many protests were voiced against the method of 
major fractions on the ground that it was unfair to 
the smaller states; on the other hand, no arguments 
were brought up against the method of equal propor- 
tions except that it was new. In fact, the chief 
spokesman for the committee stated that he would be 
quite willing to vote for a bill specifying the method 
of equal proportions, and others made it clear that 
the committee as a whole had no real objection to that 
method. There was so much feeling on the matter 
that an amendment was introduced, to reinstate the 
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method of equal proportions; although the amend 
ment failed, as any such amendment would he ex 
pected to fail at such short notice, it is significant th, 
any one should have taken the trouble to present th 
amendment at all. The whole debate made it clea, 
that Congress was thoroughly aroused to the impor. 
tance of the question of method (which might easily 
affect half the states in the Union) and was in yo 
mood to accept any method which could not be de. 
fended as scientifically fair to all the states. Whij, 
the choice of the unscientific method of major frac. 
tions was probably not the determining cause of the 
defeat of the bill, it certainly added appreciably to the 
political difficulties which the bill had to face. 

(3) The method of equal proportions provides for 
the first time a direct and simple test of the fairness 
of any given apportionment; this may be easily ex. 
plained as follows: 

In a theoretically perfect apportionment, the con- 
gressional district (that is, the population per repre 
sentative) in any state A would be exactly equal to 
the congressional district in any other state B. If, in : 
an actual case, the congressional district in state A is 
found to be greater than the congressional district in 
state B by 10 per cent. (say 220,000 against 200,000), 
then the “disparity” between the two states is said to 
be 10 per cent. Suppose, in this case, that a transfer 
of a representative is made from one state to the 
other; if after the transfer the “disparity” between 
the states is found to be only 8 per cent., then the ap- 
portionment is said to be “improved” by the transfer. 
This test can be directly applied to settle any dispute 
between any state and any other state, the only data 
required being the populations of the two states di- 
rectly concerned and the number of representatives 
assigned to each. 

A good apportionment, according to the method of 
equal proportions, is simply an apportionment which 
can not be further “improved” (in this sense) by any 
transfer from any state to any other state; in other 
words, if any transfer were to be made from any state 
to any other state the “disparity” between the two 
states (measured as above) would be made worse in- 
stead of better by the change.” 





1It is interesting to note that in measuring the ‘‘dis- 
parity’’ between two states, the concept of ‘‘the popula 
tion per representative,’’ which was used above, may be 
replaced, if preferred, by the concept of ‘‘the number of 
representatives per unit population’’; the resulting 4p 
portionment will be precisely the same. The method of 
equal proportions may therefore be described as the 
method which makes both the ratio of population to rep 
resentatives and the ratio of representatives to population 
as nearly as possible the same in all the states. It is 
difficult to see how anything more could be done in the 
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The modern mathematical theory has shown that, 
for any given size of the House (say 435) and any 
given populations of the states (say the 1930 census), 
an apportionment can always be found which will 
atisty this test with respect to every pair of states. 
It is not necessary, however, to go through the labor 
of applying the test to every pair of states separately, 
since the theory has also supplied a short-cut process 
of computation which is guaranteed to produce the 
desired result. This technical process of computation 
is well known to the computers in the Bureau of the 
Census (Transactions, p. 88); but no matter how a 
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ferred to the American Political Science Association 
for consideration and report (Hearings, pp. 49, 88, 
| 89). This suggestion, which was heartily endorsed by 
the present writer (Scrence, May 18), did not lead to 
any result, since the association “has the feeling that 
it ought not to undertake to decide a question of this 
sort” and has therefore taken no action (according to 
a letter from the secretary, dated September 26, 
1928). 

Indeed it is hard to see what light the early history 
of the Constitution can throw on the present-day 
problem, beyond the obvious fact that the present pro- 
visions of the Constitution require that the number of 
representatives assigned to each state shall be propor- 
tional, as nearly as may be, to the population of that 
state (with the proviso that each state shall have at 
least one representative). There appears to be no 
dispute on this point. The only question is, what 


4 proposed apportionment has been computed, the re- 
sult ean be checked up, in ease of any dispute, by a 
direct application of the test.? 

. (4) One feature of the debate is of special interest 

to students of constitutional history. In his testimony 

4 before the House committee (p. 88) Professor Will- 

" cox admitted that “a large majority of mathemati- 

; cians and statisticians are on record in favor of the 

: method of equal proportions”; but he insisted that the 

1 i problem was properly a constitutional question rather 

' than a mathematical one, and suggested that it be re- 


2In regard to the method of major fractions, on the 
other hand, the modern theory has shown that this method 
can not be properly understood except in conjunction with 
4 precisely analogous method known as the method of the 
harmonic mean (Transactions, p. 91). The method of 
major fractions has a distinct bias in favor of the larger 
states, while the method of the harmonic mean has a 
similar bias in favor of the smaller states. Between 
these two methods stands the method of equal propor- 
tions, which has been mathematically shown to have no 
bias in favor of either the larger or the smaller states. 


————— 


way of satisfying the constitutional requirement of pro- 
portionality between representatives and population 
among the several states. 











SCIENCE 


581 





method of computation comes nearest to satisfying 
this requirement of proportionality? This is a purely 
mathematical question, important facts about which 
were not known until 1921. Certainly the “framers 
of the Constitution” had no idea of the mathematical 
pitfalls that surround the whole question; and any 
discussion of methods of apportionment which does 
not take account of the clarification introduced by the 
modern theory is futile. 

It is particularly unfortunate that many influential 
statements that appear in the printed Hearings before 
the House Committee on the Census (February 21, 
1928) as representing the opinion of a selected group 
of political scientists are directly at variance with 
known mathematical facts. These Hearings are con- 
stantly quoted in the congressional debates, and seri- 
ous errors therein, if uncorrected, will be a source of 
confusion to future students of the problem, both in 
and out of Congress.*® 


8 For example, on page 63 we find the following state- 
ment, which is intended to show that the method of equal 
proportions is unduly favorable to the smaller states: 
‘*Tnevitably, inherently, in the method of equal propor- 
tions, the average population of a congressional district 
in a group of small states is less than the average popula- 
tion of a congressional district in the very large states.’’ 
This statement (which would be important if true) is 
mathematically false, as can readily be proved by numer- 
ical examples (Transactions, p. 95, Ex. 3, or p. 103, Ex. 
11). Again, the new method of minimum range, which 
was suggested to the committee by Professor Willcox 
(Hearings, pp. 61, 76, 77) and was actually incorporated | 
in a bill (H. R. 10883, February 13, 1928), has brought 
much confusion into the debate. The process of compu- 
tation described for this method does not satisfy the test 
set up; and the test itself involves the defect known as 
the Alabama paradox. (A numerical example to show 
this, is the apportionment of sixteen or seventeen repre- 
sentatives among three states with populations 726, 539 
and 335.) It should be noted also that in the able dis- 
cussion on pages 91 and 93 of the Hearings the term 
method of minimum range is inadvertently used where 
the term method of the harmonic mean is intended. 
Again, the description of the method of equal proportions 
given on pages 61 and 62 of the Hearings is wholly wrong 
(see ScIENCE, May 18 and June 8), and the alternative 
test proposed on pages 62, 67, 77, 79, 88, etc., is mathe- 
matically ambiguous and hence unworkable (Transactions, 
p- 96, Ex. 7). The explicit statement on page 88, 
claiming that the method of major fractions is the only 
one which ‘‘makes the average population of congres- 
sional districts in small, medium, and large states as 
nearly as Congress can make it the same,’’ is mathe- 
matically erroneous, as can be shown by well-known ex- 
amples (Transactions, p. 92). In fact, one of the main 
objections to the method of major fractions is that it 
fails to equalize, in any sense whatever, the congressional 
districts in the several states. 








582 


The appearance of such misstatements as these in a 
permanent public document gives Congress a discour- 
aging idea of the value of scientific methods. How- 
ever widely scholars may differ on political questions 
they surely should be able to present a united front 
on questions of arithmetic. In the presence of this 
apparent conflict of opinion, it would seem appro- 
priate for any member of Congress to request a re- 
port on the mathematical facts from the National 
Academy of Sciences—which is the body legally ap- 
pointed to advise Congress on all scientific questions. 
The modern analysis has given a complete list of all 
the methods which might be said to satisfy, in any 
sense, the constitutional requirement of proportion- 
ality. Congress, and Congress alone, must make the 
choice between these possible methods; but all con- 
gressmen are desirous of having accurate informa- 
tion on which an intelligent choice can be based; and 
an authoritative report from the National Academy 
of Sciences would provide exactly this information, 
without in any way limiting freedom of action. 

Epwarp V. HuntTINGTON 

HARVARD UNIVERSITY 





SCIENTIFIC EVENTS 


PROJECT FOR AN ALEUTIAN GEOGRAPHIC 
OBSERVATORY 


Dr. T. A. Jacaar writes in the Volcano Letter issued 
weekly by the Hawaiian Voleano Research Association 
on September 7, that he addressed the Seattle Cham- 
ber of Commerce on a proposed Aleutian Geographic 
Observatory to be established at Dutch Harbor, 
Alaska. It is estimated that to carry out this project 
the sum of $50,000 will be needed for equipment and 
that the upkeep will amount to an annual expenditure 
of $50,000. Dr. Jaggar stated that: 


Experience shows that mapping should be the main 
aim, and that all sciences should be represented. The 
founding of the Hawaii Observatory by the sugar and 
other industries through the Volcano Research Associa- 
tion, with government collaboration, suggests that the fish, 
fur and shipping industries might do something effective 
for southwest Alaska. 

Modern exploration and discovery are extended by each 
Montana and Arizona have been ‘‘dis- 
covered’’ to be garden spots through irrigation and agri- 
The Carnegie is mapping all the 
oceans with echo sounding and new electrical instruments. 

The advent of the salmon canneries, of Diesel engines 
in 60-foot boats of 2,000 miles fuel radius, of radio com- 
munication, and of some new maps, have greatly improved 
the Alaskan field for the explorer. 

It is proposed that the observatory be at Dutch Harbor 
as a fixed home for land and sea mapping and for mea- 


new invention. 


eultural machines. 
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suring geophysical, biological and chemical p 
along the arc of the Alaskan peninsula and the Aleutiay 
Islands. The station will work in concert with eight 
scientific bureaus of the government, seven civil officers, 
and two outside institutions. It is called geographic, be. 
cause it will study that part of the earth in relation ty 
man. 

It will measure and secure data all the year around 
concerning the weather, tides, currents, magnetism, earth. 
quakes, volcanic activity, crust upheaval, animals, plants, 
fish, natives and commercial needs. 

For the summer half of the year, the observatory wil] 
maintain expeditions to collect land and marine organ. 
isms, minerals, rocks and human antiquities; to map the 
lands, the geology, the depths of the sea, the air cur. 
rents, temperatures and pressures, and such earth actiyj- 
ties as magnetism, tremor, tilting and changes of mean 
sea-level. The snowy craters of the big volcanoes will be 
explored and photographed with the aid of alpinists and 
aviators. 

There has come recently a demand for scientific study 
of the Aleutian lands from numerous scientific institu- 
tions and conventions, so that the matter is being pressed 
by the National Research Council of the United States, 
The writer has reconnoitered the field by three expeditions 
devoted primarily to voleanology. 

The proposal is to place four workers at the main 
station winter and summer, equipped with a powerful 
Diesel yacht and small boats, also laboratories, shop, 
quarters, dock and photographic dark room. The station 
will keep in radio communication with its yacht and with 
existing stations. It will provide a base and a boat for 
the Coast Survey and the Geological Survey in mapping 
the coasts and interiors. It will publish weekly and 
quarterly reports. 

The substations will work from April to September. 
The summer staff will be eight persons, and the substa- 
tion will report to the main station. The substation camp 
will be left for future use. Specialists in all sciences will 
be imported from outside institutions for work at the 
substations. 


THE CONTROL OF MALARIA 


THe work that has been done in recent years for 
the prevention of malaria was deseribed at a meeting 
held in connection with the Ross Institute for Tropical 
Diseases in the council room of the Rubber Growers’ 
Association. Sir Maleolm Watson said, according to 
an account given in the Journal of the American 
Medical Association, that the medical profession, in 
a resolution passed at the congress of the Far Eastern 
Association of Tropical Medicine held at Calcutta in 
December, 1927, laid down a policy on the subject of 
malaria control. They considered that for towns, 
mines, plantations, large public works and similar ag- 
gregations of people the control of the breeding places 
of the malaria-carrying species of mosquitoes should 
be employed, whatever other antimalarial measures 
were put into force. Before effect could be given to 
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this resolution, certain difficulties would have to be 
faced. In the first place, malaria contro] by means 
of mosquito control was not primarily a medical ques- 
tion at all. Physicians were trained principally in 
the diagnosis of disease and treatment of the sick; 
the prevention of malaria was more a health problem, 
and in the tropies health officers were the exception. 
The second difficulty had been that the control of 
mosquitoes was more than anything else an entomo- 
logie question. Some mosquitoes lived in shade and 
some in sunshine. The destruction of shade in cer- 
tain places might introduce dangerous light-loving in- 
sects and increase existing malaria. The third diffi- 
culty was that for many forms of mosquito control 
a knowledge of drainage was necessary, and phy- 
sicians Were not trained in engineering schemes. The 
institute had formed an industrial advisory committee 
which hoped to be of assistance to tropical industry 
in supplying expert advice which was necessary be- 
fore an employer could go ahead on a scheme with 
confidence that the money expended would give the 
desired results. The institute and hospital received 
sick men from the tropics, and it was open to phy- 
sicians to come for advice or to work on the problems 
in which they were interested. There would be estab- 
lished a unique museum illustrating all the habits of 
the mosquito, and information would be given to phy- 
sicians as to how the insects could be controlled. Ex- 
peditions would be sent abroad from time to time to 
study problems on the spot along with local phy- 
sicians, and to diseuss with them what steps could be 
taken to control the disease. Ultimately, he hoped, 
there would be a staff of expert research officers and 
engineers, 


THE U. S. BIOLOGICAL SURVEY 


THE annual report of Paul G. Redington, chief of 
the Bureau of Biological Survey of the U. S. Depart- 
ment of Agriculture, has been issued. It points out 
that the development of additional refuge areas for 
wild life has been brought more intimately to public 
attention, and the sentiment throughout the country 
is more definitely crystallized in favor of a unified 
program, as it becomes generally understood that the 
onward march of civilization, with its farming and 
industrial operations, threatens, at least locally, the 
ultimate extinction of the various forms of wild life 
that were the delight of our forbears and that can not 
be perpetuated for future enjoyment unless provided 
with ample range, including feeding, breeding and 
resting grounds. There is urgent need for funds to 
enable the Biological Survey to investigate and deter- 
mine the suitability of areas that are being proposed 
for refuge purposes. 
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Among the accomplishments and new lines of work 
undertaken in research during the year are the fol- 
lowing: 

Inauguration of studies of the relative abundance 
of migratory wild fowl from year to year, through 
systematic and repeated censuses taken by cooperators 
on important waterfowl concentration areas. 

Authorization by congressional act of more ex- 
tended research having to do with the relations of wild 
life to forestry—the effects of birds, mammals and 
other forms on forest production. 

Successful crossbreeding of Alaskan reindeer with 
native caribou captured for the experiments, and the 
birth of fawns of materially increased weight. 

Establishment of a Rabbit Experiment Station at 
Fontana, Calif., to supplement other investigations on 
the production of rabbits for fur and food, and 
progress in cooperative investigations of diseases of 
foxes and measures for their prevention and cure on 
fox farms, 

Progress in research work on the food of the En- 
glish sparrow, in studies of the requirements of the 
Wyoming elk, in the administration of other game 
animals and birds on reservations and in coordination 
of state and federal policies in wild-life administra- 
tion generally. Other important measures for the 
welfare of life are the authorization by congress of a 
refuge for migratory birds in the extensive Bear 
River Marshes, Utah, and first steps in its administra- 
tion, as an aid te conserving the wild-fowl resources 
of the west, and greater expedition in the work of 
acquiring lands for the Upper Mississippi River 
Wild-Life Refuge through congressional aid and 
through private donation of areas important to the 
purposes of the refuge. 

Of importance to cooperative work for the control 
of wild-animal pests of agriculture, horticulture, for- 
estry, stock-raising and wild game was the develop- 
ment, through a conference of field leaders in rodent 
and predatory-animal control at Ogden, Utah, of im- 
proved plans for research work and definite policies 
in local and general control operations. Congress has 
requested that there be submitted to it at the next 
session a plan that will operate to insure adequate 
control of the predatory animals throughout the 
country. 


MEETINGS OF THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS 


TENTATIVE plans are now ready for the Knoxville 
meeting of the society to be held March 21, 22 and 23, 
1929. The program will include papers on important 
engineering problems and visits to the rapidly expand- 
ing industries of the region as well as trips of scenic 


beauty. 
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The subjects of the technical program are water- 
power development, light-metal industries, coal ear- 
bonization, executive training and the resources of the 
Southern Appalachian area. As a special attraction, 
a trip will be provided to Kingsport, Tennessee, the 
miracle city of the south, which ten years ago was a 
bare mountain village but now has the largest plant 
in the world making complete books, a wood by-prod- 
uct plant, a glass works, textile mills and a cement 
plant. 

The students’ part in this meeting is to be empha- 
sized. Special arrangements are being made for them 
by R. C. Matthews, national secretary of Tau Beta Pi, 
and E. P. Carpenter, chairman of the Greenville 
Section, American Society of Mechanical Engineers. 

The committee in charge consists of C. E. Ferris, 
W. J. Savage, William Whaley, W. E. Biggs and 
J. A. Switzer. W. R. Woolrich is in charge of the 
program. 

A feature of the semi-annual meeting in Salt Lake 
City, July 1+, 1929, is the scheme of excursions in 
connection with it. The copper mines and smelters, 
the Great Salt Lake, and the canyons near the city 
will provide an exceedingly interesting four days. 
The program of papers will deal with aeronautical 
development, the smelting industry, low-grade copper 
mining and possibly the beet-sugar industry. The 
committee in charge is composed of N. L. Stewart, 
Austen Gudmundsen, F. W. McEntire, George A. 
Parker, Leonard Cahoon, Woodworth Anderson, Her- 
bert Landes and W. H. Trask, Jr. 

Following the transcontinental tour of 1926 and the 
Great Lakes tour of 1928 the society is now planning 
a Six-National Parks Tour. The schedule will include 
the six largest and most important, namely, Rocky 
Mountain Estes Park, Grand Canyon, Zion Canyon, 
Bryce Canyon, Yellowstone Park and Glacier Park. 
In addition, the itinerary includes the Royal Gorge, 
the Hanging Bridge, Colorado Springs, Glenwood 
Springs, Pike’s Peak, Garden of the Gods, the Colo- 
rado Highway and Niagara Falls. 

As the tour is now planned it will take 30 days and 
cover approximately 8,000 miles. Of these, 16 days 
will be spent in the parks, and four in Salt Lake City 
at the time of the spring meeting. Of the mileage, 
6,000 miles will be by train and 2,000 by automobile. 
It wiil take in 16 states of the Union and the Dominion 
of Canada. 

The tour is to be arranged on the all expense plan 
and will cost approximately five hundred and eighty- 
five dollars ($585) per person for two in a compart- 
ment or three in a drawing-room, and six hundred 
and ten dollars ($610) for two in a drawing-room 
from New York and return. This includes round-trip 
railroad and Puliman transportation, tours through 
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the parks, side trips, accommodations at the first-clag, 
hotels and all necessary expenses. Any one intereste, 
and desiring further information may obtain it froy 
the headquarters of the society, 29 West 39th Street, 
New York City. 


THE ACTIVITIES OF THE CARNEGIE 
CORPORATION 

Grants amounting to $2,000,000, and payment of 
more than $4,000,000 on grants voted in previons 
years, were made by the Carnegie Corporation of New 
York during the fiscal year ended September 30, 1928, 
according to the annual report of President Frederick 
P. Keppel. The list of appropriations shows that 
one third of the total amount voted went for the sup. 
port of educational studies, scientific research and 
publications. The California Institute of Technology 
received $200,000 for endowment of the fundamental 
researches in physics and chemistry conducted by 
Professor R. A. Millikan; the President’s Conference 
on Unemployment received $75,000 for a study of 
recent economic changes by the National Bureau of 
Economie Research, while the Carnegie Foundation 
for the Advancement of Teaching received $50,000 in 
support of a cooperative study of education in Penn- 
sylvania. To other organizations went amounts rang- 
ing from $5,000 to $50,000 in support of studies in 
pyorrhea, economies of medicine, land economies, non- 
collegiate technical education, cooperative education 
in Africa and traveling fellowships. 

Another one third of the total voted went for the 
support of general activities for the advancement aiid 
diffusion of knowledge and understanding. The Car- 
negie Endowment for International Peace received 
$150,000 for support of its program in the United 
States and the Institute of International Education 
received a large grant. 

The library interests of the corporation—a long- 
established Carnegie interest—are being cared for 
largely by grants made in other years. The appro- 
priations for last year amount to $140,000 and are 
chiefly for the maintenance of library schools. Adult 
education, which has become a lively educational 
activity in the United States, came in for grants 
totaling $102,000. Fine arts departments in colleges 
and universities and large arts organizations are listed 
for appropriations that indicate a growing interest on 
the part of the corporation in making arts education 
an essential part of the college curriculum. To the 
American Federation of Arts grants totalling $110, 
000 were made for greater opportunity for adminis- 
trative development over a five-year period. In ad- 
dition, art endowment grants of $50,000 each were 
made to Milwaukee-Downer College, the University of 
Rochester, Vassar College and Wesleyan University, 
and a system of art scholarship grants for prospective 
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cost of $48,000. 


A feature of the corporation’s year was in connec- 
‘ion with the ineome of its smaller fund of $10,000,- 
0 to be expended in Canada and the British Colo- 
ies. From this source the corporation embarked on 
, five-year program in British Africa, following a 
visit to Africa and a report to the trustees made by 
the secretary and president of the corporation. 











SCIENTIFIC NOTES AND NEWS 


Dr. H. H. Turner, Savilian professor of astronomy 
at the University of Oxford, accompanied by Mrs. 
Turner, is coming to the United States in order to 
represent the British Association for the Advancement 
of Science at the New York meeting of the American 
Association. Dr. Turner will give a lecture on “The 
Scientifie Retrospect.” 


De. L. L. Van Suykg, for thirty-eight years chemist 
at the New York State Agricultural Experiment Sta- 
tion at Geneva, is retiring from active service with 
the close of the year. 


Dr. EuMerR A. Sperry, president of the Sperry 
Gyroscope Company, has been elected president of 
the American Society of Mechanical Engineers. An- 
nouncement of Dr. Sperry’s election has been made 
following a canvass of a national mail ballot of ap- 
proximately 20,000 members of the association. He 
succeeds Mr, Alex Dow, of Detroit. 


ArtHur J. Woop, professor of mechanical engi- 
neering at the Pennsylvania State College, was 
elected president of the American Society of Refrig- 
erating Engineers at the recent New York meeting. 


Dr. J. J. SeperHoum, director of the Geological 
Commission of Finland, has been awarded the Pen- 
rose medal of the Geological Society of America. 
The award will be made at the society’s annual meet- 
ing which will be held in New York from December 26 
to 29. It is the second award of this medal, it having 
been conferred the first time on the late Professor 
T. C. Chamberlin, of the University of Chicago. 


Dr. W. T. Bove, head of the department of bio- 
physies at Northwestern University and pioneer in the 
field of electro-surgery, was awarded the John Scott 
medal and a premium of $1,000 by the City of Phila- 
delphia at the annual banquet of the American Radio- 
logical Society on December 6. 


Tue French government has awarded the Legion of 
Honor, grade of officer, to Professor Augustus Trow- 
bridge, dean of the graduate school of Princeton Uni- 
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wollege teachers of the fine arts was maintained at a versity. This is a promotion from the grade of 


chevalier awarded for war services in 1918. 


Dr. RayMonpD PEARL, director of the Institute for 
Biological Research of the Johns Hopkins University, 
has recently been made a foundation member of the 
Morphological Society of Paris. 


Art the ceremony on the occasion of the opening of 
the term at the University of Paris, the degree of 
doctor honoris causa was conferred on Sir Charles 
Sherrington, Waynflete professor of physiology at the 
University of Oxford and president of the Royal 
Society. As was recently reported in Scrence, the 
honorary doctorate was conferred also on Dr. W. S. 
Thayer, of Baltimore, formerly professor of medicine 
in the Johns Hopkins University. 


THe American Society of Mechanical Engineers 
medal has been awarded to Julian Kennedy, of Pitts- 
burgh, Pennsylvania, for his services to the iron and 
steel industry. The student prize went to Clarence C. 
Franck, of the Johns Hopkins University, for a paper 
on “Condition Curves and Re-heat Factors for Steam 
Turbines.” The junior award of the society was won 
by M. D. Aisenstein, of Berkeley, California, for his 
paper on “A New Method of Separating the Hy- 
draulic Losses in a Centrifugal Pump.” Robert M. 
Meyer, of the Newark College of Engineering, re- 
ceived the Charles T. Main prize for his paper on 
“Scientific Management and its Effect on Manufac- 
turing.” 


LIEUTENANT-COLONEL A. E. HAMERTON has been ap- 
pointed pathologist to the Zoological Society of Lon- 
don, in suecession to Dr. H. H. Seott, who has taken 
up an appointment under the Colonial Office. 


ArtTHuR §. CogGESHALL, curator of paleontology at 
the Carnegie Museum, Pittsburgh, has resigned to 
accept a museum post at St. Paul. 


Dr. Merritt E. CHampron has resigned as director 
of the division of hygiene of the Massachusetts State 
Department of Public Health. He will be succeeded 
on January 1 by Dr. Luiz Diez, of the New York 
State Department of Health. 


Dr. Leverett D. Bristor, who has served the Mil- 
bank Memorial Fund health demonstrations in New 
York as executive officer for six years, has resigned 
to accept an appointment in industrial health work. 


Dr. Hans Mouiscu, professor of plant physiology 
of the University of Vienna, has a year’s leave of 
absence from the university, which he will spend as 
investigator and lecturer at the Bose Institute at 
Calcutta. 


Dr. Y. IsHrwara, professor of pharmacology in the 
Tokyo Jikeikai Medical College, who has been with 
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the Rockefeller Institute in America since April, 1926, 
has returned to Tokyo. He visited Europe on his 
way home. 


Dr. ConsTtanTIN Dumprava, the meteorologist, who 
recently arrived in this country after spending four- 
teen months in Greenland as head of the Rumanian 
Greenland Expedition, gave an illustrated lecture on 
the results of his expedition in New York City on De- 
cember 9. The iecture was under the auspices of the 
French, Belgian and Philadelphia Geographical So- 
cieties. Dr. Dumbrava was introduced by Vilhjalmur 
Stefansson. 


Proressor Kirttgey F. Maruer, of Harvard Uni- 
versity, recently gave an illustrated lecture before the 
University of Chicago Club of Massachusetts, of 
which he is president, on the geological excursion that 
he conducted in Durope during the summer. 


On November 24 Dr. G. Clyde Fisher, curator in 
the department of astronomy of the American Mu- 
seum of Natural History, delivered an address before 
the Royal Canadian Institute on “Earth and Neighbor 
Worlds.” 


THE University of Illinois College of Medicine an- 
nounces that Dr. Robert T. Frank, New York, deliv- 
ered the Charles Sumner Bacon lectures for 1928 on 
December 12 and 13 in the library of the Research 
and Library Building of the Medical School. The 
subject of the lectures was “Sex Hormones.” 


JouN Howe Hat will deliver the 1929 Henry 
Marion Howe memorial lecture of the American In- 
stitute of Mining and Metallurgical Engineers. This 
lecture is given every year in memory of the late 
-Henry M. Howe. 


THE annual Biggs Memorial lecture was given No- 
vember 22 at the New York Academy of Medicine, 
under the auspices of the New York County Medical 
Society and the New York Tuberculosis and Health 
Association by Professor C.-E. A. Winslow, of Yale 
University School of Medicine, on “Contributions of 
Hermann M. Biggs to the Public Health Campaign.” 


Tue fourth annual Norman Lockyer lecture was 
given in London under the auspices of the British 
Science Guild by Professor J. Arthur Thomson, of 
the University of Aberdeen, on November 28, the sub- 
ject being “The Culture Value of Natural History.” 


I~ memory of the first woman graduated from the 
Massachusetts Institute of Technology, a bas-relief of 
Mrs. Ellen H. Richards, who for more than 30 years 
was an instructor in sanitary chemistry at the insti- 
tute, was unveiled on the afternoon of December 3. 
Mrs. Richards was the wife of Robert H. Richards, 
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professor emeritus, formerly head of the departmo, 
of mining and metallurgy, and it was he who unyejjg 
the memorial in the presence of a large gathering gf 
her former students and colleagues on the faculty 
The bronze is the work of Miss Bashka Paeff ang ;, 
the gift of the alumni. 


Dr. Basurorp Dean, professor of zoology jy 
Columbia University and of fine arts at New Yor 
University, honorary curator in the American Mp. 
seum of Natural History, honorary curator of arn; 
and armor of the Metropolitan Museum of Art anj 
trustee of the museum, died suddenly in the Batti. 
Creek Sanitarium on December 6, at the age of sixty. 
one years. 


JOSEPH Siuas Diuusr, geologist of the U. S. Geo. 
logical Survey from 1883 until his retirement from ac. 
tive duty in 1924, has died at the age of seventy-eight 
years. 


Dr. ALEXANDER Maximow, professor of anatomy in 
the University of Chicago, prior to the Russian revo- 
lution professor in St. Petersburg, died suddenly on 
December 3, at the age of fifty-four years. 


Dr. JosepH McDowet.t Maruews, of Los Angeles, 
formerly president of the American Medical Asso- 
ciation, died on December 3, at the age of eighty-one 
years. 


Dr. Esaras H. W. TeGner, a member of the Swe 
dish Academy and a former professor of chemistry at 
the University of Lund, has died at Stockholm at the 


age of eighty-five years. 


Sir Hector C. Cameron, an authority on children’s 
diseases, emeritus professor of clinical surgery at the 
University of Glasgow, died on November 22, at the 
age of eighty-five years. 


Dr. ArnaLpo Priurti, professor of organic chen- 
istry at the University of Naples, died at Conegliano, 
Italy, on October 19. 


THE new library and assembly building of The 
Rockefeller Institute for Medical Research will be 
opened in December in time for the New York meet- 
ings of the American Association for the Advance- 
ment of Science. A new laboratory unit is also under 
construction and when completed will add nearly half 
again as much laboratory space as is now available. 


THE educational exhibit displayed at the Elec 
trie and Radio Show at the Commercial Museum, 
Philadelphia, will be placed in the keeping of the trus- 
tees of the Smithsonian Institution, Washington. 
The exhibit includes kites and various experimental 
devices used by Marconi and the first radio receiving 
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gt It is owned by the Radio Corporation of 
America. 






Aw Associated Press dispatch reports that Dr. 
fridtjof Nansen has left for Berlin, where he expects 
ip meet Dr. Hugo Eckener, builder of the Graf Zep- 
pelin, regarding a North Pole flight in 1930. Dr. 
Nansen has been chairman of a committee that has 
heen planning for some time to make a flight from 
Europe to the United States by way of the Arctic 
regions, to determine the practicability of that route. 
It was announced on October 13 at Konigsberg, Ger- 
many, that the airship used on such a flight would be 
commanded by Captain Walter Bruns, secretary gen- 
eral of the Society of Arctic Research. 










Tue U. S. Civil Service Commission announces the 
following open competitive examinations for the posi- 
tion of physical chemist (qualified in ferrous metal- 
lurgy) at a salary of $3,800 a year and associate 
, Mi physical chemist (qualified in ferrous metallurgy) at 
_@ $3,200 a year. Applications must be on file with the 
commission at Washington, D. C., not later than Jan- 

uary 16. The examinations are to fill vacancies in the 

Bureau of Mines, Department of Commerce, for duty 

in Washington, D. C., or in the field. The entrance 

salaries for these positions in the departmental ser- 
vice, Washington, D. C., are as indicated above. 

Higher-salaried positions are filled through promo- 

tion. For appointment outside Washington, D. C., 

the salary will be approximately the same. Com- 
| petitors will not be required to report for examina- 

tion at any place, but will be rated on their education, 
training and experience, and publications, reports or 
theses, to be filed by the applicant. 


THE University of Denver was host to the Colorado- 
Wyoming Academy of Science which met on Novem- 
ber 30 and December 1, under the presidency of Dr. 
Aven Nelson, of the University of Wyoming. 


THe executive committee of the eastern section of 
the Seismological Society of America has accepted 
the invitation extended by the president of Fordham 
University, New York City, that the fourth annual 
meeting of the section be held under the auspices of 
that university, at a date to be announced later. 


Tue Pasteur Society of Central California held its 
fourth and final meeting of the calendar year at the 
Hotel Whiteomb, San Francisco, on December 4. Dr. 
John A. Marshall, professor of biochemistry in the 
college of dentistry of the University of California, 
spoke on “Dental Aspects of Deficient Diets.” His 
paper was discussed by Dr. Nina S. Estill. Dr. T. 
D. Beckwith, associate professor of bacteriology of 
the University of California, spoke on the “Invasion 
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of the Periodontal Tissues by Bacteria.” His paper 
was discussed by Miss Adrienne Williams and by 
Dr. W. C. Fleming. Forty-five new members were 
elected, bringing the total membership to 181. 


Tue South Dakota section of the department of 
chemical education of the American Chemical Society 
met at Mitchell from November 26 to 28, inclusive. 
“Content Plus Method in Teaching Science” was the 
general theme of the meeting. Papers dealing with 
this topie occupied the first two days. Industrial ex- 
cursions were taken on the third, followed with a 
business luncheon. Officers elected for the coming 
year are: President, Carl G. Watson, Rapid City; 
vice-president, J. H. Clouse, Sioux Falls; secretary- 
treasurer, Ralph E. Dunbar, Mitchell; executive com- 
mittee, A. L. Haines, Vermillion, and David L. Cook, 
Madison. 


Tue first meeting of the financial supervisory com- 
mittee, appointed in accordance with the recommenda- 
tions of the Imperial Agricultural Research Confer- 
ence, 1927, to consider the establishment of further 
Imperial Bureaus and Correspondence Centers in con- 
nection with agricultural research has been held at 
the Dominions Office in London. The members were 
received by Mr. Amery, who announced that the gov- 
ernments of the Empire had accepted the principle 
of the establishment of these bureaus and centers, 
and the committee had now assembled to consider de- 
tailed schemes for their creation. 


Unper the auspices of the Istituto di storia delle 
scienze, an exhibit of apparatus, instruments and 
prints illustrating the history of the development of 
science will be held in Florence in 1929. The exhibit 
will be divided into five sections: natural sciences, 
medical and pharmaceutic sciences; mathematical, 
physical and chemical sciences; astronomical and geo- 
graphic sciences and technology. 


Aw Associated Press dispatch reports that a gift of 
$50,000 has been made to the Cuban Sanitation De- 
partment by President Machado, to be used in exten- 
sion work at the Carlos Finlay Institute, which is 
named after the discoverer of the origin of tropical 
malaria in the female mosquito. The object of the 
donation is to start a movement in Cuba which would 
perpetuate the memory of Dr. Finlay. 


THE Crane Pacific Expedition, financed and spon- 
sored by Mr. Cornelius Crane, who accompanies the 
expedition, and under the scientifie direction of the 
Field Museum of Chicago, set sail from Boston on 
November 16, for a year’s cruise in the Pacific. The 


itinerary includes Hayti, Panama, Galapagos, Mar- 
quesas, Tahiti, Cook, Harvey, Fiji, the Solomons, the 
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New Hebrides, New Guinea, the Moluccas, Celebes, 
Borneo, Komodo, Lombok, Bali, Java, Singapore, 
Saigon, Bangkok, Canton, Formosa and Japan. Karl 
P. Schmidt, of the Field Museum, is scientific leader 
and herpetologist; Dr. Albert W. Herre, curator of 
the museum of zoology, Stanford University, is marine 
biologist and will also collect some plants; Dr. W. L. 
_ Moss, of Harvard University Medical School, will 
study anthropology, and take samples of blood for 
comparative studies; Walter A. Weber, of the Field 
Museum, is artist and ornithologist; Frank C. Wonder, 
also of the museum, is taxidermist; Sidney Shurtleff, 
of Boston, is photographer. Mr. Charles R. Peavy, 
of Mobile, Alabama, and Murray Fairbank, of Boston, 
friends of Mr. Crane, accompany the expedition. The 
expedition travels in Mr. Crane’s brigantine yacht, 
The Illyria, just built and specially fitted for the 
purpose. 


THE Journal of the American Medical Association 
reports that for the best articles on certain subjects, 
the Societa Italiana di Oftalmologia will confer 
thirteen prizes. Among them, the following are the 
most important: the international Cirincione prize 
of 20,000 lire and two gold medals, to be bestowed 
for the best original article written in 1928 on any 
ophthalmologie subject, and a prize of 5,000 lire 
offered by the Ente per la profilassi delle malattie 
oculari, for the best monograph on the geographic 
distribution of trachoma. The latter prize is likewise 
of international scope and is open to the scientifie men 
of all nations, provided they are under forty-five 
years of age and are not head professors of the sci- 
entific departments with which they are connected. 


AccorpinG to information issued by the Bureau of 
Education the engineering schools of the United States 
offer 41 courses. Twenty of these courses are some 
form of engineering and 21 are allied subjects. The 
enrolments in the 20 engineering courses including 
graduate students are as follows: Electrical engineer- 
ing, 20,210; civil, 14,073; mechanical, 11,273; chem- 
ical, 5,987; architectural, 3,256; mining and metal- 
lurgy, 2,143; industrial and commercial, 2,135; aero- 
nautical, 614; general, 438; petroleum, 372; textile, 
320; agricultural, 214; geological, 211; gas, 101; 
electro-chemical, 99; railway, 49; sugar, 44; sanitary 
and municipal, 33; marine, 16, and flour mill, 9. Of 
these 149 engineering colleges, there were 12 enrolling 
1,400 or more students in 1927-28. The following 
institutions fall in this class: Georgia School of Tech- 
nology, 1,596; University of Michigan, 1,593; Ohio 
State University, 1,546; University of Cincinnati, 
1,565; Lehigh University, 1,510; Northeastern Uni- 
versity, 1,471; Pennsylvania State College, 1,414; 
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Agricultural and Mechanical College of Texas, 144 
Rensselaer Polytechnic Institute, 1,414. 


A tract of more than 4,000 aeres in the Coronag, 
National Forest in Arizona has been set aside iy jj, 
wild state in an effort on the part of the Pong 
Service to study the relationships between living 
things in the natural environment. G. A. Pearson, of 
the Forest Service, states that the tract will not bp 
logged or grazed, but will be preserved in its natura) 
condition. No effort will be made to increase jt, 
productivity, because in a managed forest the natural 
relationships between various factors are altered, |; 
will not produce as much timber or as much forage as 
neighboring areas that have been placed under forest 
management. On it trees will live longer than in con. 
mercial forests which are cut before nature checks the 
growth of the trees and allows decay and insects to 
make way with the finished product. This natural 
area will be preserved so that foresters can study the 
ways of nature, learning how to work with rather than 
against her. This natural area will be an example 
of the natural processes of “waste,” so far as direct 
usefulness to man is concerned, but it is believed that 
the lessons science can learn from such an area will 
lead to much greater gains elsewhere. 


AccorDinG to the Journal of the American Medical 
Association, a continuous fall in the birth-rate of 
London since 1921 is shown in the annual report of the 
London County Council. Although the population has 
remained at about four and one half millions, the child 
population has decreased considerably, the proportion 
under 15 having fallen from 30 per cent. in 1901 to 
26 per cent. at the last census. On the other hand, 
the proportion of persons over 35 has increased from 
32 per cent. to 40 per cent. “There is no sign of ar- 
rest in the accelerated rate of decline in births,” says 
the report, “and, assuming the present decrease both 
of births and of infantile mortality to continue until 
the next census, the children under 15 will then form 
less than 20 per cent. of the total population, while 
the proportion at higher ages will still further be in- 
creased. The effect of these changes in the age con- 
stitution of the population upon housing requirements 
in London is to increase the demand for tenement and 
part-houses. Assuming that the number of married 
and widowed women may be taken as a broad indica- 
tion of the number of family units, there has, since 
1901, been an increase in the number of units of over 
110,000 in a practically stationary population.” The 
births in London during 1927 numbered 73,263, as 
compared with 78,825 in the preceding year. The 
birth-rate was 16.1 per thousand, as against 17.1 for 
1926 and 17.9 in 1925. The lowest birth-rate recorded 
in London was that for 1918, when the effects of the 
war were at their maximum. In that year there were 
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70,976 births, this being only 2,287 less than in 1927. 
In the last quarter of 1927 the births fell below the 
lowest number recorded for this quarter even during 
the war. The decrease in the number of births in Lon- 
don since 1921 has averaged about 4,000 annually. 
In 1901, when the population was about the same, the 
births exceeded those of last year by 57,829. 














UNIVERSITY AND EDUCATIONAL 
NOTES 
Tue University of Cambridge has been offered £50,- 
000 by the British Exchequer and a further £50,000 
from the Empire Marketing Board toward the sum 
required to enable the university to accept the condi- 
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dation, to provide new facilities for the study of 
he agriculture, biology and physics, and to build a new 


zy university library. 
he {xe Imperial University Library, Tokyo, built by 
n a gift of four million yen from Mr. John D. Rocke- 


feller, Jr., has been dedicated, the American and 
ot British ambassadors and the minister of education 
t participating. The building replaces that destroyed 
1 in the 1923 earthquake. It contains 600,000 volumes, 
largely gifts from America and Great Britain. 


Dr. Ruth WHEELER, professor of physiology and 
nutrition at Vassar College, has been appointed di- 

' rector of the Summer Institute of Euthenics at Vas- 
sar to succeed Professor Annie MacLeod, now dean of 
| the college of home economics at Syracuse University. 


ProressoR ANDREW Huwnrer, of the University of 
Toronto, formerly on the faculty of Cornell Univer- 
sity, has been appointed to the Gardner chair of 
physiological chemistry at the University of Glasgow. 


Dr. Kart HerMANN SCHEUMANN, of Berlin, has 
been called to a professorship of mineralogy and 
petrography at the University of Leipzig. 


Proressor A. FrAENKEL, of Kiel, has been invited 
to become the head of the Mathematics Institute of 
the Hebrew University of Jerusalem which was 
opened in October. He will begin his work in 1929. 
In the meanwhile Dr. Michael Fekete is the acting 
director of the institute. 





DISCUSSION AND CORRESPONDENCE 


ON THE GENERAL STANDING OF ENTO- 
MOLOGISTS AMONG MEN OF SCIENCE 
IN EUROPE 


In past years the attitude of men of science towards 
entomology has not been all that we entomologists 
could have wished. While this fact has not driven 


many of us into an inferiority complex, it has been a 
With 


condition that has not altogether pleased us. 
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this thought in my mind, about a year ago I went into 
the library one day and spent an hour or so studying 
the records of the Royal Society of London and of the 
Académie des Sciences. I then wrote the three para- 
graphs that follow, and I am sure that they will be of 
interest to all biologists. 

A very good way of judging the standing of ento- 
mologists among other scientific men from an early 
date to the present is to be gained by consulting the 
lists of members of the Royal Society. I have gone 
through the alphabetical list of the membership from 
1663 to 1901, as published in the Record of the Royal 
Society, 1901. There are approximately 5,575 names 
in this list, and of these I recognize nineteen as ento- 
mologists. They are, in order, Valisnieri, 1703; 
Réaumur, 1738; Kirby, 1818; Spence, 1834; James 
Rennie, 1845; Lubbock, 1858; Siebold, 1858; Van 
Beneden, 1875; Salvin, 1875; MacLaclan, 1877; God- 
man, 1882; Trimen, 1883; Meldola, 1886; Pickard- 
Cambridge, 1887; Poulton, 1887; Walsingham, 1887; 
Sharp, 1890; Miall, 1892, and Elwes, 1897. 

With the new century, however, there seems to have 
been more or less of a change, much of it due to dis- 
coveries in medical entomology. Of the 450 living 
members recorded in the Yearbook of the Royal So- 
ciety for 1927, there are thirteen names of men who 
have done work with insects. Of these, Ross (1901), 
Alcock (1901), Shipley (1904), Nuttall (1904), Po- 
cock (1911), Newstead (1912), Graham-Smith (1919) 
and Christophers (1926) all probably owe their elec- 
tion to their work connected with medical entomology. 
The remaining five are Meyrick (1904), Dixey (1910), 
Rothschild (1911), G. A. K. Marshall (1923) and 
Tillyard (1925). Of these, of course, Marshall, as 
director of the Imperial Bureau of Entomology, and 
Tillyard, as entomologist of the Cawthron Institute 
in New Zealand and now of the Department of Agri- 
culture of Australia, should be ranked in some degree 
as economic entomologists. 

It would be difficult to get a better view of the rela- 
tive standing of the sciences among the scientific men 
than that afforded by a cursory study of the list of 
members and correspondents of the Académie des 
Sciences of France. I have gone through this list and 
find that from 1795 to 1927 there were apparently 
1,025 such members and correspondents, and the list 
covers the whole scientific world. Of these approxi- 
mately 1,025 names, there are those of fourteen who 
have done work in entomology, but, of these, four, 
namely, Bouvier, Giard, Henneguy and Siebold, were 
surely elected more for their work in other fields of 
biological science. Of the remaining ten entomolo- 
gists, it is interesting to note that four have been 
elected since the beginning of the present century, 
namely, Avebury, Lameere, Marchal and Simon. 
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(Bouvier’s election dates from 1902, Giard’s from 
1900 and Henneguy’s from 1908.) The others 
(elected between 1795 and 1900) were Emile Blan- 
chard (elected 1862; president 1883), Léon Dufour 
{elected 1830), Fabre (elected 1887), Geoffroy (elected 
1798), Mulsant (elected 1873) and Savigny (elected 
1821). 
L. O. Howarp 
BUREAU OF ENTOMOLOGY, 
WASHINGTON, D. C. 


VEGETABLE FOOD AS A SOURCE OF 
IODINE 

It has been shown by McClendon that there is a 
close correlation between the distribution of iodine in 
surface waters and the incidence of goiter in the 
United States, and the protective factor has been 
quite generally assumed to be the use of iodine-con- 
taining waters for drinking purposes. Fellenberg has 
made studies on the iodine content of spring waters 
and of soils in goitrous and non-goitrous regions of 
Switzerland, with similar correlation. When, how- 
ever, Fellenberg examined vegetables grown in these 
districts, he did not find any such marked differences. 
He did find differences in milk and so concluded also 
that the water which the animals drank, rather than 
their feed, was the controlling factor. 

Nevertheless, if iodine is present in the soil solu- 
tion, we should expect plants to take it up and per- 
haps concentrate it in the tissues. The enormous 
ability of sea-weeds to concentrate iodine is well 
known. Both Fellenberg and Stoklasa have been 
successful in increasing the iodine content of beets by 
fertilizing with iodides, and Stoklasa found an in- 
creased growth when iodides were used, suggesting 
that iodine has an effect on the metabolism of the 
pliant. If this is true, it seems likely that a part at 
least of the iodine of the plant exists in organic com- 
No one has successfully proved the ex- 
istence of such a compound, however. 

Such public health measures as the addition of 
sodium iodide to water supplies, and the use of iodized 
salt, have become widespread. Sherman, however, 
has suggested that some less readily eliminated form 
of iodine, or perhaps some combination which more 
nearly approaches the structure of thyroxin, might be 
more efficiently utilized by the animal organism. 
Certainly the experiments of Abelin, Swingle, and 
Uhlenhuth have shown that in the metamorphosis of 
amphibian larvae, inorganic iodides are relatively 
without effect, as compared with iodine compounds of 
amino-acids. 

The use of kelp as a feed for dairy cattle in order 
to produce an iodized milk for infant feeding has 
been the subject of research, and is now being com- 
merceialized. 


bination. 
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South Carolina is practically free from goite 
and furnishes an excellent field for the study of ioding 
in human environment. Early results in our labors. 
tory indicate that vegetable foods produced in parts 
of this state contain amounts of iodine which ay 
truly enormous when compared with those usually 
reported. 

If we assume as correct the value given by Fellep. 
berg for the daily intake of iodine necessary to maip- 
tain equilibrium in a man (fourteen micrograms) 
some of these vegetables contain enough iodine to fur. 
nish a protective dose in the amount usually served 
at a single meal. For example, we have a number of 
samples of Irish potatoes from this state which con- 
tain enough so that, if none is lost in cooking, a single 
four-ounce potato per day will furnish the fourteen 
micrograms. 

Leafy vegetables from this region have also been 
found to be very rich in iodine, beet-tops and lettuce 
running as high as one thousand parts per billion on 
the dry basis. Beet and turnip tops contain several 
times as much as do the roots. We have thus an ad- 
ditional argument for the inclusion of salad greens in 


the daily diet. Roe E. Remineron 
Foop RESEARCH LABORATORY, 
MEDICAL CoLLEcE, State or S. C., 
CHARLESTON, 8S. C. 


UNPROFITABLE METEORS 


I HAVE this year lost a week through meteors. Not 
in observations or calculations which proved to be 
false, but in interviews, articles, phone calls. “This 
is the Daily Star; we have a story from Cambridge, 
etc., ete.” A week lost, not in advancing truth but 
denying fiction. 

First it was the harmless Perseids which yearly in 
August slightly increase the observed hourly average 
of the eight million or more meteors which strike the 
earth’s atmosphere every twenty-four hours. A scin- 
tillating full column of “press” from Washington, 
containing more astronomy than the average reporter 
could possibly know, promised a wonderful display, 
to be seen only once every one hundred and twenty 
years. Most cleverly buried at the close, as a possible 
sop to the managing editor’s standard of truth, was 
the shrinking statement that this really happens every 
year. But the damage was done; the secretary had a 
hard week of phone calls; I unsuccessfully tried to 
persuade the reporters that it was nearly all a lie, and 
at three A. M. on the fateful morning sent home three 
auto loads of people scanning the perfectly cloudy sky 
from in front of the observatory. 

And now it is the equally harmless Leonids, most 
disappointing at their last scheduled 33-year appear- 
ance in 1898-99, and not even due yet for three or 
four years! 
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That such means of “arousing popular interest” 
, peneficial rather than detrimental to a science will 
maintained by none. The fault must lie in the 
nner of giving out astronomical news or in insuffi- 
jont disciplinary checks on the misuse of proffered 
,formation. In a somewhat extended experience I 
ve met perhaps five gentlemen of the press who 
ere exceptions to the general rule that a reporter is 
brilliant young man whose mission in life is to im- 
wove the truth. The director of one of America’s 
satest observatories used to give out information 
ly in typewritten form; when this was embroidered 
id improved by dailies of yellower tinge, informa- 
jon was refused these for a time. Such discipline is 
ot hard to apply, and soon brings the promise to be 
ood. 
| The following procedure may also help—in giving 
nut “news” state fully and clearly its interest to the 
syman as well as its actual importance to astronomy, 
md insist that this appraisal be included in the 
story.” 









Heser D. Curtis 
ALLEGHENY OBSERVATORY, 
Nov. 17, 1928 


AGRONOMIC TERMINOLOGY 


On the return of the writer to Washington, after a 
summer spent largely in the field, his attention has 
been called again to an article’ which appeared in 
Science last June. 

There is neither need nor desire to attempt to reply 
in kind to the writer of the critique of the median 
terms suggested by the Committee on Terminology of 
the American Society of Agronomy. Constructive 
qriticism is weleomed but careful reading for three 
successive times has failed to discover a single con- 
structive suggestion. His discussion rises to no higher 
level than that of ridicule and personal abuse. In de- 
sribing the proposed terms, he uses such phrases as 
“grotesque inventions,” “fantasies of sounds,” “ety- 
mologieal freaks,” “ludicrous lexicon,” “monster after 
monster,” “bizarre,” “orthographic solecisms” and 
‘pleonasms.” Not content with thus characterizing 
the words, he applies the following epithets, among 
others, to the actions and personnel of the committee, 

lamely, “egotistie effrontery,” “diaskeuasts,” “igno- 
tant minority,” “illiteracy,” “irresponsible committee- 
men,” “modern Malaprops,” “philological mounte- 
banks,” ete, 

It is not necessary to consider further the value of 
such a presentation. The readers of ScrENCE are en- 
titled, however, to a discussion of some facts and prin- 


‘J. H. Kempton, ‘‘ Agronomie Jabberwocky, ’’ ScIENCE, 
Ls, 67 (1747): 629-630, June 22, 1928. 
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ciples which were omitted, misstated or denied by the 
critic in the article in question. 

(1) “One ean not but be astonished at the egotistic 
effrontery of a group of men who, after a few weeks’ 
consideration, attempt to improve a language which 
has met the test of world-wide use for so many cen- 
turies.” 

So far as the idea conveyed by the phrase “a few 
weeks’ consideration” is concerned, the records of the 
committee show that the subject of median terms had 
been made a matter of study since 1923, as stated in 
the report criticized? (page 183). More important, 
however, is the implication that the English language 
has not been “improved” for “so many centuries.” 
Any one at all familiar with the history and structure 
of a language knows that it is in a constant state of 
modification. Changes in spelling and pronunciation 
occur gradually but commonly from century to cen- 
tury. Narrowings or broadenings of the meaning of 
words come about with the passing of the years. 
Equally abundant and important are the additions of 
new words with the expanding knowledge and activi- 
ties of mankind. Geoffrey Chaucer was a prolific 
writer of the English of his day in the latter half of 
the 14th century, something more than 500 years ago. 
The common words of our present English speech as 
used by Chaucer are so different in spelling and pro- 
nunciation, and sometimes in meaning, as to constitute 
almost a foreign language, exceedingly difficult for 
the modern to read. Still more important, thousands 
of words in the popular and scientific literature of 
to-day did not exist at all in Chaucer’s time because 
the objects, actions or conditions they denote either 
did not then exist or were still unknown to man. Evi- 
dently the English language has been quite materially 
changed, and perhaps even improved, in the course of 
only a few centuries. 

(2) “If the agronomists are successful in having 
their orthographic solecisms incorporated in the re- 
spectable dictionaries we may expect similar minority 
domination from all quarters and our language will 
become the plaything of irresponsible committeemen.” 

Whence come the numerous new terms constantly 
appearing in our language? Are they created by the 
dictionary makers and discovered in the new editions 
of dictionaries by the scientists who have occasion to 
consult these works? Not at all. They are created 
arbitrarily and intentionally by the persons who first 
recognize the need for them. They are then brought 
by publication to the attention of fellow craftsmen, 


2 Carleton R. Ball, Homer L. Shantz and Charles F. 
Shaw, ‘‘Median Terms in Adjectives of Comparison,’’ 
Jour. Amer. Soc. Agron., 20 (2): 182-191, fig. 1, Feb- 
ruary, 1928. 
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and such as appear both needed and suitable gradu- 
ally are adopted. This is the method followed by the 
Committee on Terminology of the American Society 
of Agronomy and by other similar committees of 
which the present writer has knowledge. Is this 
“minority domination” or making our language “the 
plaything of irresponsible committeemen’”’ ? 

As a matter of fact, why should the words pro- 
posed be branded as “orthographic solecisms’? Are 
such terms as “plumpth” and “thickth” essentially 
different from, or better or worse than, “strength,” 
“breadth,” “depth,” “length” and “width,” which ap- 
pear not only in dictionaries, but in many other re- 
spectable publications, not omitting papers by crop 
plant geneticists? Is “rugaplane” in any way pecu- 
liar when compared with “aeroplane,” “monoplane” 
or “peneplain’? If these words are usable, why 
should “rugaplane” be singled out for ridicule? New 
terms in physies, especially as applied to electricity, 
are coming into our language at a rapid rate. Who 
originated such terms as “ampere,” “anion,” “cath- 
ode,” “dyadic,” ‘“dyne,” “electrode,” “electron,” 
“erg,” “farad,” “joule,” “ohm,” “volt” and “watt”? 
And did their authors “improve” or defile the lan- 
guage? Four new terms belonging to this category 
were proposed as recently as the issue of Science for 
October 12, 1928 (p. 349). 

How about the new terms in the science of genetics 
itself? Consider such a series as: allelomorph, ca- 
eogenic, chromosome, dihybrid, dysgenic, epistatiec, 
gamete, gene, haploid, heterosis, meiosis, monosomie, 
nulliplex, xenia and zygote. Are the epithets applied 
to the Committee on Terminology of the American 
Society of Agronomy to be applied also to the men 
who developed the terminology of this branch of sci- 
ence? Are the terms they have proposed, and which 
geneticists have accepted and used, to be characterized 
by the uncomplimentary phrases applied to the agro- 
nomic terms suggested? 

Any one so inclined could easily arrange either of 
the above series of terms into a “Carrollian pastiche” 
similar to the one concocted by the critic. So might 
one the terms of any other branch of science. But 
would such arrangement prove them “grotesque in- 
ventions,” “etymological freaks,” or “orthographic 
solecisms”? One wonders. 

(3) “For the positions between the extremes there 
is an appropriate series of qualifying words such as 
intermediate, middle, normal, medium, moderate, par- 
tial, semi, ordinary, ete.” 

Some of these words are commonly used but, in the 
words of the critic, these terms often tell us “precisely 
nothing,” and leave us painfully guessing what a 
given author was talking about at a given point. The 
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solution of this problem of adequate median terms 
was the basis of the committee report. The Present 
writer and his associates* discussed it in the following 
language: 

“The enormous development of plant breeding fo}. 
lowing the rediscovery of the primary laws of genetic 
has had one unexpected result. It has brought about 
a need for median terms in a series of three adje. 
tives of comparison. In most hybrids the parents 
have one or more pairs of contrasting character; 
Precise terms are needed to describe those interme. 
diate for each such pair of characters. Short or. 
ganisms are crossed on tall, thin on thick, smooth on™ 
rough, acute-angled on obtuse, glabrous on hairy, 
hornless on horned, ete. How shall the intermediates 
be designated ? 

“The common practice at present is to speak of 
them as ‘medium.’ If only one character pair is con- 
cerned in any given paper or discussion, there will be 
no doubt of the meaning of ‘medium.’ Where several 
character pairs are discussed in one paper the use of 
‘medium’ becomes very confusing. The reader is al- 
ways glancing back or hunting tediously to find out 
for what particular factor the plant is ‘medium,’ or 
intermediate. 

“Tt always is possible to achieve clearness by using 
a phrase instead of a word. One can say, ‘The plants 
intermediate for awn length,’ or ‘The animals inter- 
mediate for coat color,’ ete. How much better to be 
able to say it in a single word and how much clearer 
to have the single word tell exactly for what char- 
acter pair the given organism was intermediate, or 
‘medium.’ ” 

(4) “Not satisfied with having words for the ex- 
tremes and middle, Dr. Ball’s committee is now urging 
a whole series of new words to mark the quarter pos- 
tions !” 

The adequate answer to the above statement is that 
the committee did nothing of the kind. It merely 
pointed out that the term which would be proper in 
the quarter position all too frequently was used for 
the middle position. 

(5) “The hapless agronomists have fallen upon evil 
times... .” Each of the more than 750 members of 
the American Society of Agronomy doubtless is 
capable of determining for himself whether or not he 
is “hapless,” and if he and his fellows “have fallen 
upon evil times.” The society has maintained a coll- 
mittee on terminology for years, has heard and ac 
cepted numerous reports from this committee, and 
some of the terms favored in the committee recot- 
mendations are in common use in publications. It is 
interesting to note that the records of the society 


3 Ball, et al., l.c., p. 182. 
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do not show that the writer of the critique is, or ever 
was, a member of this society, or that he ever has 
contributed of his time, effort or money to its upbuild- 
ing. Most of the workers in crop plant genetics, in 
which this eritie is engaged, dre active members of the 
American Society of Agronomy. The question natu- 
rally oceurs as to why a complete outsider should be so 
concerned about the society and the report of its com- 
mittee. 

(6) “Apparently the agronomists are no longer con- 
tent to permit the cultured to determine good usage 
in American speech. Hereafter these matters are to be 
more democratically decided. The ignorant minority 
must prevail in language as in politics, and illiteracy 
is to displace culture.” 

Probably the American electorate will not be greatly 
concerned about the above assertion that the “ignorant 
minority” holds the offices and makes the laws. No 
more, probably, will American agronomists be con- 
cerned that their motives are aspersed, their intelli- 
gence derided, and their culture denied. In a previous 
similar diatribe* by this critic a group of university 
workers was held up to ridicule. They composed the 
Committee on Social and Economic Welfare of Scien- 
tific Men of one division of the American Association 
for the Advancement of Science, and were engaged in 
formulating a code of ethical standards. 

It always is an interesting adventure in philosophy 
to speculate on the influences which so exalt the ego 
as to produce and motivate these self-appointed 
monitors. Specifically, what are the educational] and 
cultural backgrounds whieh led to this assumption of 
adequacy to speak for a cultured majority against an 
“ignorant minority”? 

May a scientific setting without adequate back- 
ground sometimes tend toward acute megalomania? 

CARLETON R. Bau 

U. 8. DEPARTMENT OF AGRICULTURE, 

BUREAU OF PLANT INDUSTRY 





REPORTS 


THE HARVARD MUSEUMS 


On November 1, 1927, Mr. Samuel Henshaw re- 
signed as director of the Museum of Comparative 
Zoology after many years of service marked by un- 
flagging industry and self-sacrificing devotion to the 
fulfilment of his ideals of what the museum should be. 
He has been very properly appointed director emer- 
itus by the corporation. Thomas Barbour was ap- 


*J. H. Kempton, ‘‘Scientors Appear in the South- 
west,’’ ScrenceE, n.s., 66 (1711): 354-355, October 14, 
1927, 
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pointed director of the Museum of Comparative Zool- 
ogy and of the University Museum. 

In his first annual report, Dr. Barbour states that, 
with the aid of voluntary subscriptions on the part of 
several friends of the museum, it has been possible to 
make a number of changes and improvements. By 
flooring over most of the galleries in the exhibition 
rooms and by rearranging the exhibition collections 
a number of new and most commodious laboratories 
and studies for the staff has been made. This has al- 
lowed the expansion and rearrangement of most of 
the collections of invertebrates and has served to make 
the research collections much more useful and ac- 
cessible. Perhaps no collections are now more con- 
venient to investigators. Due allowance has been 
made for expansion for years to come. 

The exhibition rooms have been redecorated and thie 
exhibits in large degree rearranged but as yet only in 
part relabeled, while great quantities of material unfit 
either for exhibition or study have been discarded. 
Several rooms previously devoted to the storage of 
what might be called obsolete material have been 
cleared out and are now useful and constantly used 
laboratories. 

The exhibits now consist of: 

A hall of marine mammals, chosen to show adapta- 
tions to aquatic life of several of the principal mam- 
malian orders. 

A synoptic collection of most of the well-known 
North American birds, using almost entirely material 
from the Greene-Smith collection. In this room the 
portrait of Audubon by Healy has been hung, as well 
as plates from Audubon’s elephant folio, contributed 
by Dr. John C. Phillips and others. The collection 
illustrating avian architecture is also to be found here. 

A room displaying some of the less well-known 
domesticated animals and specimens selected to show 
variation under domestication, Mendelian inheritance, 
albinism, melanism, ete. 

A large room devoted to marine faunal associations, 
selected types from the deep sea, the Gulf Stream and 
other oceanic environmental areas. 

A room devoted to birds and mammals character- 
istic of Australia, Madagascar and other insular 
faunae. 

The Indo-Asiatie room is essentially unchanged, ex- 
cept that the material is rearranged and, thanks to Dr. 
Theodore Lyman, a beautiful case has been built for 
the two superb tigers. 

The South American room and the African room 
each contain some new material, while the old North 
American room has been rearranged as a Holarctic 
room, the Holarctic area being more truly a single 
zoological entity. 
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It has been felt that the characteristics of these 
geographic areas can best be illustrated by the use of 
mammals and birds, so that but few invertebrates 
and no fishes or reptiles have been used in these dis- 
plays. 

The great systematic mammal hall has been consid- 
erably rearranged and plate glass has been substituted 
for the older small panes in many eases. 

In the gallery of this hall an entirely new synoptic 
collection of birds has been selected to show the prin- 
cipal representative types of the several groups with 
their skeletons in many eases. Mr. Griscom has pre- 
pared excellent descriptive labels for each family. 

The old hal] devoted to corals has been entirely re- 
arranged as an Alexander Agassiz Memorial Coral 
Reef room, in which Mr. George Agassiz has placed a 
tablet with this wording: 

To 
ALEXANDER AGASSIZ 
1835-1910 
who developed this museum 
founded by his father 
and 
who devoted much of the latter portion 
of 
a varied and preeminent 
scientific career 
to the study of Cora] Reefs and their faunae 
this room is dedicated 


Here are to be found the beautiful models of the coral 
islands, Borabora and Funafuti, and a selection of 
fish and invertebrates characteristic of the coral reefs. 

Tn one room, by assembling all the mounted reptiles 

ormerly scattered about in several exhibits, it has 
been possible to make a reasonably adequate synoptic 
collection of reptiles and a less adequate synopsis of 
the amphibia. No alcoholic reptiles remain on exhi- 
bition. 

The same thing has been done with respect to the 
fishes. By this means it has been possible to remove 
all the myriad bottles of shrunken and discolored 
alcoholic fishes from exhibition. The species for- 
merly exhibited have been discarded and those which 
were valuable have gone to the study collection. 

The last hall of this floor is devoted to a carefully 
selected synoptic series of all the invertebrate groups. 
Since nearly every member of the staff joined in se- 
lecting types for this collection it is probably un- 
rivaled fer completeness and is especially adapted to 
the use of undergraduates taking the introductory 
courses in zoology. 

The paleontological collections are still in process 
of rearrangement and much new vertebrate material, 
useful for teaching, will be installed during the next 


few months. In the meantime these collections are as 
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yet only in part open to the public. When completeg 
the most striking exhibit will be the Pleistocene group 
from the Argentine Pampas. This wiil consist of 
three of the large ground sloths, a glyptodon ang 
toxodon. They are all perfect specimens and no 
restoration of any part has been made. Other note. 
worthy exhibits will include a group of saber-tooth 
tigers, two of them complete skeletons, the large ¢o]- 
lection of Paleozoic, Mesozoic and Tertiary fish, and 
a nearly complete specimen of Dinichthys terrejlj 
now being reconstructed. There will be a systematic 
invertebrate room in which the collections of trilobites 
and cephalopods are particularly complete. 





SPECIAL ARTICLES 


A DETERMINATION OF THE ATOMIC 
WEIGHT OF NITROGEN OCCLUDED 
IN FERGUSONITE 

In 1890, while working on the occurrence of nitro. 
gen in uraninite, Hillebrand? made complete analyses 
of many samples of the mineral. From the data 
furnished, it is interesting to calculate the strikingly 
constant ratio between nitrogen and uranium oxide 
(UO,) in the various samples. That Hillebrand was 
aware of this constant ratio is made evident by a brief 
reference to it in the article cited; however, he at- 
tempted no explanation of it. 

Calculations made on uraninite from Norway: . 











Place %N % UO, Ratio N/UO, 
SDT | iaiiniivsictntci tron 1.23 48.25 0255 
El] vestad (8) ecececerecsssnne 1.28 50.97 .0251 
El vested (1) ccceecsccscsnen 1.28 50.83 0252 
a 1.05 44.57 0236 
Huggenaskilen ................ 1.08 43.56 .0248 
Arendal 1.26 44.71 .0282 








Because of the constancy of the ratio shown here, 
it occurred to us that there might be some relation 
between the origin of the nitrogen and the other 
elements present. 

The periodic table was examined, and it was ob- 
served that there was a possibility for a relationship 
between potassium and nitrogen, potassium undoubt- 
edly being one of the radioactive elements. 

So far none of the alkali metals have been found to 
emit a-particles; however, it may be that a-particles 
are emitted but are too slow for detection. At any 
rate, R. J. Strutt? found that several beryls had 4 
helium content far greater than that expected from the 


1U. 8. Geo. Sur. Bull., 78: 43, 1891. 
2 Proc. Roy. Soc., A, 80: 587, 1908. 
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eutent of radium or thorium compounds; so it seems 
quite possible that the alkali earths may emit a-par- 
ticles which have not yet been detected. 

Evidence for a possible relationship between po- 
tassium and nitrogen: There is a difference of twelve 
in their atomic numbers, which might indicate six 
aray changes between the two, and a difference of 
approximately twenty-five in their atomic weights, 
while six @-ray changes would call for a difference of 
only twenty-four in the atomic weights. The ques- 
tion which then comes up is: might not this dis- 
crepancy in the atomic weights indicate the existence 
of an isotope of nitrogen which would have the 
atomie weight fifteen, and be a decomposition prod- 
uct of potassium? It might be argued that it is just 
as likely that nitrogen is a decomposition product of 
an isotope of potassium of atomic weight thirty-eight. 
The objection to this is that, so far, all indications 
of positive-ray work show that the isotopes of po- 
tassium are above forty. Then there seems to be a 
possibility for the existence of isotopic nitrogen 
which is a decomposition product of potassium, six 
a-ray changes having occurred between the two. 

(Because of the availability of a sample of natural 
ammonia alum, atomic weight determinations of the 
nitrogen present were made. The method of making 
these determinations will be described a little later. 
A control sample was run in parallel. Four deter- 
minations each of the alum-NH,Cl and of the con- 
trol-NH,Cl indicated a variation of only 0.05 per 
cent. in the atomic weights of the two, a variation 
well within the limits of experimental error.) 

Several nitrogen-containing minerals were obtained 
in which it was thought that the nitrogen might be of 

radioactive origin. Apparatus essentially like that 
employed by Hillebrand* was used to extract gas 
from these minerals, with the following results: 


(Gas volumes are at standard conditions; CO, removed) 











Ce of gas found 
Mineral Origin per gram of 
ore 
Uraninite ...........Pribram, Bohemia..........00000.-. 1.30 
Fergusonite ........Arendal, NOTWAY..vc..00.00000-0- 3.00 


Samarskite ........Mitchell County, North Caro- 





ic iiictbabilind takin SES 
Uraninite ............Yaney County, North Caro- 

pT Ra PC ee 2.26 
Fergusonite ........Near Bluffton, Texae.............0.- 3.44 
Pergusomite umn MAGA QASCAP ..cecccevsonnnnnmnnin 1.33 
Ur aminite acne ARONY nscseerrserecsnsnrnnseneeesen neces 1.38 
Uraninite ........kristianaford, Norway..........- 3.32 





It was decided to use the gas for nitrogen atomic 
Weight determinations which was found in the Fer- 
gusonite from Arendal, Norway. This was found on 


*U. 8. Geo. Sur. Bull., 78, 1891. 
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analysis to contain 12.67 per cent. of helium. 1,800 
ee of gas were obtained. 

The method of fixing the nitrogen in the gas was 
similar to that described by Maquenne,* in that hot 
metallic calcium was used to absorb the nitrogen, 


forming calcium nitride, Ca,N,. Maquenne suggests 
that pure calcium oxide with three fifths its weight 
of metallic magnesium be heated together in a stream 
of the gas to be fixed. The calcium oxide and mag- 
nesium will react together to form metallic calcium; 
however, the authors had better success when they 
used metallic calcium directly. This was sealed into 
a combustion chamber through which a stream of the 
gas passed as described in the article by Maquenne. 

At the completion of the reaction, the tube econ- 
taining the calcium nitride was cut open and the 
nitride placed in a dry distilling flask, water was 
added a few drops at a time, and the ammonia hydro- 
lyzed off. This ammonia was distilled into a little less 
than the calculated amount of hydrochloric acid nee- 
essary to neutralize it, in order to make certain that 
there would be no excess of hydrochloric acid left. 
The solution of ammonium chloride thus obtained was 
made alkaline, and the ammonia distilled off once 
more, in order that the sample might be further puri- 
fied. Because of the losses attendant on sublimation, 
it was decided to let these two distillations serve in 
purifying the sample. This decision was reached only 
after repeated trials, and comparisons with samples 
which had been sublimed indicated that these two dis- 
tillations would be satisfactory. The solution was 
then evaporated down, and crystals of ammonium 
chloride were obtained. These were dried slowly in an 
oven at 80° C. It was necessary to make this drying 
slowly and carefully at a low temperature, otherwise 
sublimation would have taken place before complete 
drying; in that case decomposition would have oc- 
eurred, and the ammonia being more volatile would 
have passed off, leaving an excess of hydrochloric 
acid. This would have invalidated completely the 
atomic weight determinations. 

One and one half grams of the pure ammonium 
chloride were obtained, the chlorine determined gravi- 
metrically, and the atomic weight of the nitrogen 
ealeulated from this. Corrections were applied in 
order to obtain weight in vacuo. Nitrogen for a con- 
trol sample was prepared by passing vapors of liquid 
ammonia mixed with air over a mixture of hot copper 
oxide and metallic copper; this nitrogen was then 
fixed and purified as described above. 

Because of the smallness of the sample of “Nor- 
wegian” ammonium chloride, it was necessary to re- 
cover the ammonia from the filtrates from the silver 
chloride, repurify and reanalyze it. 


4 Comptes Rendus 121: 1,147, 1895. 
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The following results were obtained. 
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Atomic weight of nitrogen Atomic weight of nitrogen 





from ‘‘ control’? NH,Cl from ‘‘ Norwegian’’ NH,Cl 
1. 13.983 5. 13.987 
2. 13.994 6. 13.983 
3. 13.981 7. 13.991 
4. 13.974 8. 13.953* 





Average 13.984 Average 13.987 





* Analysis No. 8 was not included in the average. 
The analysis of this was unavoidably made a day later 
than the others; it was feared that the sample had taken 
The 


up moisture from the air in the weighing bottle. 
result would indicate this. 


The “Norwegian” ammonium chloride gave an atomic 
weight of the nitrogen only 0.02 per cent. greater 
Since this is well within 
the limits of experimental error, the possibility of the 
existence of an isotope of nitrogen of atomic weight 


than that of the control. 


fifteen is disposed of here. 
Conclusion: 


gen from other sources. 
H. P. Capy 
Harry UNANGST BEECHER 
DEPARTMENT OF CHEMISTRY, 
’ UNIVERSITY OF KANSAS 





THE NATIONAL ACADEMY OF 
SCIENCES 


THe National Academy of Sciences held its autumn 
meeting at Schenectady, New York, on November 19, 
20 and 21, 

The academy was welcomed by Dr. Charles Alex- 
ander Richmond, president of Union College, and Dr. 
Willis Rodney Whitney, vice-president and director of 
research of the General Electric Company, and re- 
sponse was made by Dr. T. H. Morgan, president of 
the academy. The following papers were presented: 


Note on C. 8. Peirce’s experimental discussion of the 


law of errors: EDWIN B. WILSON and Marcaret M. HIt- 
FERTY. 

It is shown that the series of 24 runs of approx- 
imately 500 observations each which C. 8. Peirce had 
made for the purpose of checking the normal curve of 
errors (and for other purposes) and which he inter- 
preted as a satisfactory check of the theory do not 
on the modern theory of frequency functions of Pear- 
son and others substantiate his claim because in every 
single series of the 24 the departures from the normal 
curve exceed the probable values of those departures 
and in many cases exceed them many times. 


Although no indication of an isotope 
was found in the samples of nitrogen examined, it is 
hoped that the search can soon be extended to nitro- 
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The ocourrence of melezitose in honey: C. 8. Hupgoy, 


The relation of chemical structure to the optical proper. 
ties of some simple organic compounds: P. A. Levenp 
The configurations of several series of secondary carbinols 
and of a series of hydroxyacids have been correlated with 
that of a simple reference substance, namely, of lactic 
acid. From the data obtained in this manner, genera] 
relationships between structure and optical rotation haye 
been formulated. The rotations of these substances are 
the resultants of two factors, namely, of the respective 
weights of the groups attached to the asymmetric carbon 
atoms and of their respective polarities. : 


The normal velocity of sownd im free air: Dayton (, 
Miter. In 1918 Colonel R. A. Millikan, in charge of 
the Department of Science and Research of the Council 
of National Defense, requested the writer to undertake a 
study of the pressure effects produced in the vicinity of 
large guns in action, the effects which were supposed to 
be the cause of the malady commonly called ‘‘shell 
shock.’’ The Case School of Applied Science granted a 
leave of absence from teaching duties from April, 1918, 
to November, 1919, and experiments were undertaken, at 
first in the laboratory and later at Sandy Hook Proving 
Ground under permission and authority of General C. C. 
Williams, Chief of Ordnance. The commanding officers 
were very sympathetic with these scientific experiments, 
and made literally all of the facilities of the proving 
ground available with only the restriction that the regular 
work of the proving ground should not be interfered with. 
Colonel Millikan assigned several enlisted scientific men 
as assistants, and at the proving ground any required help 
was provided. All conditions combined to provide a 
most extraordinary outfit for the study of sound effects 
of various kinds. The conditions could hardly be repro- 
duced at any cost upon orders. Taking advantage of 
this remarkable situation, the researches were extended 
beyond the first purpose and led to four distinct sets of 
results. These relate to: (1) the pressure effects in the 
air around large guns in action; (2) the velocity of an 
explosion wave of great intensity; (3) the form and 
physical characteristics of the sound waves from large 
and small guns; (4) the normal velocity of sound in 
free air. After many months of laborious calculation on 
the large mass of observational data, the final reduction 
of the observations relating to the normal velocity of 
sound are now nearing completion, and this paper refers 
to this phase of the work. The observations were made 
by means of twelve microphones specially constructed for 
this purpose by the Western Electric Company. There 
was one set of microphones of very rugged construction, 
capable of recording sounds close to the largest gut, 
and a second set of six microphones of the greatest sensi- 
tivity, all of them made as nearly aperiodic as possible. 
Six microphones were used at one time, distributed ovér 
the field in any desired fashion, and the records were 
made by means of a six-string recording galvanometer of 
the type developed for the use of the American army iD 
sound ranging. With this apparatus were combined va 
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rious features of the author’s Phonodeik apparatus, espe- 
ally as regards the source of illumination, film box and 
shutters. For a study of the form of the wave front 
the six microphones could be placed at various points on 
, circle with the muzzle of the gun as center or along 
any radius of the wave front. In some cases one micro- 
hone was mounted on the muzzle of the gun itself and 
the others would be placed at distances of 50 feet, 100 
feet, 200 feet, ete. For the long-range velocity deter- 
minations one microphone was placed at about 50 feet 
in front of the gun, another at 100 feet and others at 
distances of 200, 400, 1,000, 7,200 and 20,300 feet (the 
latter distance is a little less than four miles or about 6.2 
kilometers). The time required for sound to traverse 
this distance with its normal velocity is about nineteen 
seconds. The recording apparatus was installed in the 
instrument room at the headquarters of the proving 
grounds. Seventy sets of measures were made relating 
to the velocity of the propagation of the sound wave, 
the source of the sound being a 12-inch mortar, an 8-inch 
rifle, a 10-inch rifle or a 14-inch rifle. At every velocity 
determination there were at least four sets of meteoro- 
logical observations taken at different points over the 
field. The trace of the expanding wave front on a plane 
containing the line of fire is always a circle. The center 
of the circle moves forward from the muzzle of the gun 
along the axis with a velocity the initial value of which 
depends upon the kind and size of gun and the charge 
of powder. The velocity of displacement of the center 
diminishes rapidly, being an exponential function of the 
time. The radius of the circle at any given time after 
the origin of the wave is the distance sound would travel 
in air in this time with the uniform normal velocity of 
sound for the given meteorological conditions. In other 
words, the wave front develops in such a manner that 
if the distance which the sound is considered to have 
traveled is measured from the virtual instantaneous 
center instead of from the muzzle of the gun, the 
velocity of the wave front is constant in all directions 
and is always the normal velocity of sound under the 
given meteorological conditions. The physical signifi- 
cance of this view is that the virtual source of the sound 
and the developing wave front in its beginnings is in 
effect shot out of the gun, with a speed probably in 
excess of that of the projectile itself. The velocity of 
this sphere of condensed gas is rapidly damped by the 
atmosphere, and its advance is reduced exponentially 
to a zero value. The exponential equations of the ob- 
served quantities have been developed and a least-squares 
solution has been made. Using the numerical results, the 
greatest deviation of the calculated position of a micro- 
Phone, and its field position, within the area of the ex- 
plosive effects of the gun, is less than four inches. The 
final value of the normal velocity of sound in free air, 
under standard conditions (dry, still air, at 0° C. and 
barometric pressure of 76 em) is 331.47 + 0.10 meters 
per second, equivalent to 1087.51 + 0.34 feet per second. 
This is exactly the theoretical value computed from the 
specific heats of air, and almost exactly the average 
of the principal determinations made since 1900. 
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A proposed memorial to J. Willard Gibbs: R. G. VAN 
NAME (introduced by Edwin B. Wilson). 


The transformation spectrum of the ruby: E. L. 
NicHots and H. L. Howes. (1) The spectrum of a 
ruby, heated to incandescence in a hydrogen flame, was 
found to have superimposed upon the general radiation a 
number of rather narrow emission bands. (2) The tem- 
perature range within which the bands are visible, i.e., 
circa 600° C. to 775° C., corresponds to profound changes 
in the absorption of light and consequently in the color 
of the crystal. (3) These so-called transformation bands 
occur in sets having a constant frequency interval of 
36.7(1/ux 10%) of which sets all the known fluorescence 
and absorption bands of the ruby are also members. 
(4) The phenomena described in the present paper are 
strictly analogous to those previously observed in the 
ineandescence of solids containing various rare earths 
as activators. 


Electromagnetic compass systems for aircraft: J. D. 
Tear. Earth inductor compass.—Vacuum tube amplifier 
systems for improving the sensitivity and reliability of 
the earth inductor compass have been developed with the 
cooperation of the U. S. Army Air Service. Mag- 
netron.—There are two general methods of operating the 
magnetron as a compass. One method employs direct 
current and the other an alternating current supply. 
The first is particularly useful for precision measure- 
ments under conditions which can be reasonably well 
controlled; the latter is the more suitable for use in air 
navigation, as it affords reliable indications of direction 
in the presence of large changes in power supply and 
in other circuit constants. Ferromagnetic induction com- 
pass.—Comparative laboratory and field tests of numerous 
electromagnetic compass systems favor the ferromagnetic 
induction compass, which functions by virtue of the flux 
induced in a bar of permalloy, perminvar or other ferro- 
magnetic substance possessing low coersive force. A flux- 
measuring device such as a magnetron or a rotating coil 
of wire is placed in a cavity within a bar and the bar 
is maintained in a position perpendicular to the vertical 
component of the earth’s magnetic field by means of a 
pendulum. A mechanical coupling to a calibrated com- 
pass card is provided so that when the ship is on a 
chosen course the bar can be placed perpendicular like- 
wise to the horizontal component of the earth’s field. 
Any deviation of the ship from the chosen course results 
in there being induced in the bar a magnetic flux the 
direction and magnitude of which are indicated electric- 
ally. 


Height of airplane above ground by radio echo: E. F. 
W. ALEXANDERSON. About a year ago several officers of 
the Wright field visited Schenectady and explained to us 
some of their problems. We were told that one of the 
most valuable aids to aviation would be a method for 
measuring the absolute height above ground. The ex- 
perimentation in the air which was thus instigated has 
been a great inspiration, because the theories with which 





598 


we first stepped on board the plane had to be thrown 
overboard as soon as we left the ground. Our equipment 
was a regenerative receiver with a separate oscillator and 
earphones. Our expectations were that the antenna 
oscillator would operate at its natural period determined 
by the total inductance and capacity of the circuit and 
that the proximity of the ground would modify the 
capacity so that the frequency would become lower as we 
approached the ground. What we found, however, was 
that a change of altitude of one half wave-length causes 
a complete cyclic change of frequency and that these 
eyclic changes repeat themselves at regular intervals of 
one half wave-length. There is thus a direct relation 
between the frequency and the phase of the echo wave. 
After this fact had been experimentally established the 
theory of operation immediately became clear. Trans- 
lated into mechanics it can be stated as follows: The 
natural period of a pendulum is determined by the mass 
and the restoring force, but if the pendulum is subjected 
to periodic forces from outside, these forces must be 
added to or subtracted from the inherent restoring force, 
and the period of the pendulum will change accordingly. 
‘The echo wave acting upon the antenna exerts such forces 
from outside, and the phase of the echo wave will thus 
manifest itself in a positive or negative change of fre- 
quency of the antenna oscillator. As soon as this theory 
was understood it was easy to interpret the observations, 
and several flights were made with the same equipment 
during which I was able, blindfolded, to determine alti- 
tudes by an earphone up to 1,600 feet. How this prin- 
ciple may be applied for aerial navigation we are not 
yet able to say. Continuous graphic recorders may be 
used on large craft, and it may thereby be possible to 
identify the course flown with the maps and previous ex- 
perience. Such graphic altitude logs may also be used 
for surveying. A probable further development is the 
use of two wave-lengths either alternately or simul- 
taneously. We may for instance use a key by which the 
wave can be shifted from 100 meters to 92 meters. 
Twelve waves of 100 meters will occupy the same distance 
as thirteen waves of 92 meters. Thus if the correspond- 
ing wavy lines of the graphic record are in phase the 
aviator concludes that his altitude is 600 meters (2,000 
ft.). If the wavy lines are of opposite phase his alti- 
tude is either 1,000 ft. or 3,000 ft. Another suggestion 
is to use two short antennas mounted permanently on the 
plane. If one is tuned for 10 meters and one for 11 
meters the intervals of the maxima of the beat frequency 
will be the same as for a simple oscillator of 100 meters. 
If, on the other hand, the antennas are tuned only 2 per 
ecnt. apart the intervals will be the same as for a wave 
of 500 meters. Several convenient scales of altitude 
signals may thus be established by use of different beat 
frequencies. Thus the next to the strongest maximum 
of the first scale may light a blue light at 1,200 ft. and 
the strongest maximum a green light at 400 ft. Then 
the wave scale is changed so that a green light will indi- 
cate 240 ft. and a red light 80 ft. Final landing signals 
may then be given at thirty and at fifteen feet in re- 
sponse to maxima of the radio frequency. If these sig- 


SCIENCE 








[ Von. LXVII, No. 17 


nals are combined with a mechanical device touching thy 
ground at ten to fifteen feet it is conceivable—at least 
we are told so by our associates who are skilled aviators_ 
that safe landings may be made in a fog without Vision 
of the landing field. 

















Control of an are discharge by a grid: A. W. Huw ayj 
I. LANGMUIR. 

Preliminary studies of combustion in explosion type of 
engines: C. F. KETTERING. 








Secondary X-ray spectra: F. K. RicHTMysr (intr. 
duced by Ernest Merritt). Accompanying many of th 
more prominent X-ray spectral lines are found, usually o 
the short-wave-length side, faint companion lines know 
variously as ‘‘spark lines,’’ ‘‘second order lines’’ oy 
more properly ‘‘satellites.’? These satellites do not fit 
into the general scheme of X-ray levels which has bee 
so satisfactory in explaining the more prominent ‘firs 
order’’ lines. Several important theories concerning the 
origin of these satellites suggest that they may be du 
to some type of double ionization. The author ha: 
studied the satellites of several of the L lines for the 
series of elements from strontium (Z = 38) to tin (Z=50), | 
It is found that within the limits of error of the mea. 
surements, the square root of the difference in frequency 
between a given satellite and its ‘‘parent’’ line is a 
linear function of atomic number, somewhat after the 
manner of Moseley’s law. This suggests the possibility 
—to be tested by further experiments—that the satellites 
may be due to simultaneous two-electron jumps within the 
atom. However, the existing data concerning X-ray 
satellites are not adequate to serve as a basis for an a¢- 
ceptable theory as to their origin. Further experiments 
are in progress to make a systematic study of the wave- 
lengths of these satellites, their excitation potentials and 
their intensities relative to the first order lines. 


























Ionization im positive ion sheaths in neon: CiiFTON 4. 
Founp. Langmuir and Mott Smith have shown that the 
positive ion current to a plane electrode, placed in the 
positive column of a mercury discharge, is practically 
independent of the voltage, for voltages sufficiently 
negative that no electrons reach the electrode. In neon 
it has been found that this does not hold, but that the 
current increases rapidly as the voltage is made more 
negative than about -100 volts. The logarithm of this 
inerease in current is a linear function of the applied 
voltage within limits. The increase in current can be 
accounted for by the production of a very smal] number 
of electrons at or close to the electrode surface. Thes 
newly formed electrons in passing through the sheath 
produce ionization which multiplies due to ionization by 
collision, thus causing a logarithmie increase in th 
positive ion current with increase in voltage. 

















Oscillations im an ionized gas: Lewt Tonks and It 
vinc LANGMUIR. When, from any cause, a deficiency of 
electrons occurs in some region of a uniformly ionized g4 
at low pressure, neighboring electrons flow in to exces 
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and set up @ local non-spreading oscillation. Positive 
jons behave similarly for deficiencies extending over a 
small region but oscillate with a frequency lower in the 
ratio of the square roots of the particle masses. These 
oscillations, however, decrease in frequency and change 
over to sound-like waves when the original deficiency ex- 
tends over large regions. Extensive experiments with a 
hot-cathode mereury are yielded oscillations quite defi- 
nitely attributable to the plasma electrons. These oscil- 
lations were in the expected range of frequencies, namely, 
about 10° eyeles per second. They were found with ex- 
ternal electrodes on the tube wall and with internal elec- 
trodes both in and out of the path of the primary elec- 
trons, and their amplitude was independent of the 
electrode voltage. Their frequency varied with electron 
density roughly in agreement with the theory. Another 
oscillation of lower frequency than these may arise from 
primary electron oscillations stepped up by the Doppler 
Effect. Another oscillation detected with an external 
electrode seems to be intimately related to the presence 
of a negatively charged wire parallel and close to the 
emitting filament. For instance, the oscillation showed 
a rapid change of phase as the shadow of the wire on the 
tube wall was crossed and the amplitude pattern was 
symmetrical about the shadow. A low frequency and 
very critical oscillation at 1,380 ke may lie at the high 
frequency limit of ion oscillations calculated to lie at 
1,500 ke. 


The center of the universe: HARLOW SHAPLEY. 


Thermionic phenomena with alkali metal films adsorbed 
on filaments at high temperatures: K. H. Kinepon and 
E. E. CHaruton. A thoriated tungsten filament at 1700° 
K in an atmosphere of caesium vapor (p=10-4 barye) 
has a very small fraction of its surface covered by an 
adsorbed film of caesium which gives rise to small posi- 
tive ion and electron emissions. If a small alternating 
electric potential is applied between the filament and a 
nearby collecting electrode, the extent of the adsorbed 
film is affected by the flow of caesium ions to the col- 
lector, and changes in the ion and electron emissions re- 
sult. The effect is found to be greatest at a frequency 
of several hundred kiloeyeles. The variation with fre- 
quency is probably connected with a resonance oscillation 
of the positive ions around the potential minimum caused 
by electron space charge near the cathode. 


The Hall effect in single crystals of metal: P. I. Woup 
(introduced by W. R. Whitney). 


The bearing of recent experimental results on the 
theory of metallic conduction: P. W. BrivamMan. New 
results have been obtained by Dr. Ufford, Dr. Oppen- 
heimer and myself on the effect of pressure on the re- 
sistance of several series of alloys of different types. So 
far no exception has been found ‘to the rule that the ad- 
dition of a foreign element to a pure metal has the 
effect of increasing algebraically the pressure coefficient 
of resistance. The specific resistance also increases under 


the same conditions. Both of these effects are consistent 
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with the picture of metallic conduction recently developed 
by Houston on the basis of the wave mechanics, namely, 
that resistance is due to a scattering by irregularities in 
the metallic structure of the waves which constitute the 
electrons. The introduction of foreign atoms into an- 
other space lattice would be expected to increase the ir- 
regularity. This is the explanation of the increase of 
specific resistance. On purely geometrical grounds any 
such irregularity would be accentuated by hydrostatic 
pressure, and this is the explanation of the more positive 
pressure coefficient. Further, a much more complete 
study than heretofore has been made of thermoelectric 
phenomena in a number of non-cubic single-metal crys- 
tals. Two essential features are to be emphasized: (1) 
The difference of Petier heat between different directions 
in antimony and bismuth is so great that it is difficult to 
see how the fundamental assumption of Sommerfeld, 
which was also the basis of Houston’s theory, can be 
maintained—namely, that the energy of the electrons is 
nearly independent of temperature. (2) The symmetry 
relations of thermoelectric phenomena in bismuth and 
tin seem definitely not those deduced by Kelvin and 
Voigt. This would mean that the thermoelectric forces 
in a metal must be more complicated and different in 
character from the simple body forces which have hitherto 
been assumed. Apparently no theory has yet taken into 
account this aspect of the situation. 


Raman effect in solids, liquids and gases: R. W. Woop. 


The radiation due to impacts of electrons against 
mercury vapor atoms: W. DUANE. 


Quantum mechanics and radioactwe disintegration: 
RonNALD W. GuRNEY and Epw. U. Conpon. For thirty 
years the ‘‘instability’’ of the radioactive nucleus has 
remained a mystery. But if the nuclear particles obey 
the laws of quantum mechanics, the spontaneous dis- 
integration by the emission of a particle may ensue. For 
the wave mechanics endows particles with the new prop- 
erty of being able to pass through regions where their 
total energy would according to classical mechanics be 
less than their potential energy. Thus a nuclear particle 
always has a certain probability of penetrating the bar- 
rier of potential which confines it and of escaping from 
the nucleus. Experimental evidence for this new prop- 
erty is found in Rutherford and Chadwick’s well-known 
paradoxical result for the scattering of fast alpha par- 
ticles fired at a film of uranium. The theory gives decay 
periods from a fraction of a second to 10° years, de- 
pending on the velocity of the emitted alpha particle in 
accordance with the Geiger-Nuttall relation. A prelimi- 
nary note by the authors on this subject appeared in 
Nature for September 22. 


The theoretical interpretation of some familiar phe- 
nomena in hydrogen: H. D. SmytuH and E. C. G. Stureck- 
ELBERG. About fifteen years ago Bohr offered a theory 
of the structure of atomic hydrogen which met with 
amazing success and has furnished the basis and in- 
spiration for the great advance in our knowledge of 
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atomic structure since that time. But atomic hydrogen 
rarely is found in nature. In the usual form of hydrogen 
gas each molecule contains two atoms, although under 
high temperatures or electrical excitation some of these 
pairs of atoms can be made to break up. Consequently, 
many of the phenomena observed in experiments on hy- 
drogen did not fit into Bohr’s theory and were attributed 
to the diatomie form of hydrogen. They remained of 
great interest, however, on account of their importance to 
the theory of molecular structure and chemical com- 
bination. Thanks to the study of band spectra and some 
recent developments of quantum mechanics, we are now 
able to interpret many of these phenomena. The secon- 
dary spectrum has been explained by Richardson and 
others. We wish to explain the continuous spectrum and 
the effects of electron impact. To do so we construct 
the ‘‘ potential energy curves’’ for the various ‘‘ energy 
states’? of the H, molecule and study the possible 
‘*transitions’’ between them. We find that one of these 
states is unstable, that is the potential energy decreases 
continually as the nuclear separation increases, and con- 
sequently the nuclei will always fly apart, giving atomic 
hydrogen. Moreover transitions from higher states to 
this state are accompanied by the emission of radiation 
of all wave-lengths greater than a certain lower limit, 
and the approximate distribution of energy over this 
continuous range of wave-lengths can be computed. It 
is found to agree with the experimental observations on 
the continuous spectrum. Thus the emission of the con- 
tinuous spectrum is explained both qualitatively and 
quantitatively as related to the spontaneous dissociation 
of excited hydrogen. Now the dissociation of hydrogen 
by electron impact has been observed and is found at 
once to fit into the above scheme. If electrons have 
sufficient energy to ‘‘excite’’ the molecule to the un- 
stable state or a higher state which may revert to the 
unstable state, atomie hydrogen is produced. But it has 
been shown experimentally that still faster electrons 
ionize the hydrogen molecules without dissociating them. 
Further study of the potential energy curves explains 
this effect and also most of the less striking results of 
electron impact experiments. We begin to believe there- 
fore that something is known about the structure of the 
hydrogen molecule. 


Spectra of nitrogen and its actiwe states: K. T. Comp- 
ToN and J. C. Boyce. Active nitrogen has been an in- 
teresting and puzzling subject of investigation for a 
number of years. It has been investigated chemically 
because of its property of uniting with many substances 
to form nitrogen compounds, in spite of the fact that 
nitrogen ordinarily is a very inert gas. It is this prop- 
erty of active nitrogen which is the basis of several 
methods for nitrogen fixation. It has been investigated 
spectroscopically, both by a study of the spectrum which 
it itself emits spontaneously and by the spectra which it 
is able to excite in other gases when admixed with them. 
Active nitrogen has been variously explained as atomic 
nitrogen, triatomie nitrogen or an excited metastable 
state of diatomic nitrogen. This paper presents what 
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appears to be a complete interpretation of active nitro. 
gen. It is based on three discoveries: first, the analysis 
of the band spectrum and the excited states of molecular 
nitrogen by Professor Birge, at the University of (qj. 
fornia, and others; second, the analysis of the ling 
spectrum and excited states of atomic nitrogen by the 
present authors; third, the study of the intensities j, 
spectra of various substances excited by active nitrogen 
by Doctors Cario and Kaplan in this laboratory. The 
analysis of the band spectrum shows that there is 4 
long-lived and energetic metastable state of molecula; 
nitrogen which contains between 8 and 9 volts of energy, 
The exact amount of this energy is still subject to some 
uncertainty. The line spectrum shows that atomic nitro. 
gen possesses two metastable states of energies, 2.37 and 
3.56 volts. A study of the spectra excited in nitrogen 
itself (the afterglow) together with the spectra excited 
in other gases shows that there are in active nitrogen 
entities of energies of approximately 2.4, 3.6 and 9 volts 
respectively. It seems certain therefore that the various 
phenomena and the properties of active nitrogen are due 
to the separate or the joint action of the two types of 
metastable atoms, normal atoms and the one type of 
metastable molecule. The quantitative evidence for these 
conclusions were presented to the academy. 


A visual method of observing the influence of atmos- 
pheric conditions on radio reception:1 ERNEST MERRITT 
and WM. E. Bostwick. There seems to be little doubt 
that radio signals may be transmitted from the sending 
to the receiving station along at least two different 
paths. The ‘‘ground wave’’ follows the surface of the 
earth in much the same way that shorter waves are known 
to follow a wire. The ‘‘sky wave’’ starts obliquely up- 
ward from the sending station and reaches the observer 
after being bent or reflected by the Kennelly-Heaviside 
layer of highly ionized air. Both are subject to absorp- 
tion due to the conductivity of the air,-and the sky wave 
may have its plane of polarization rotated because of 
the earth’s magnetic field; for example, while the sky 
wave may start out with its electric field in the vertical 
plane, it may be so twisted by the action of the earth’s 
magnetic field that it arrives with its electric force hori- 
zontal. Changes in the atmospheric conditions will affect 
the two waves differently, so that when they combine to 
produce a signal at the receiving station the result is 
very complicated and confusing, as is evidenced by the 
fading observed in broadcast reception and by the erratic 
changes in the apparent direction of the waves as indi- 
cated by the radio compass, While a change in appar 
ent direction may not cause any annoyance when one is 
listening to a musical program or a political speech it 
may be a life or death matter for the pilot of an aero 
plane. We need all the knowledge we can get of these 
changes in intensity and direction. Studies of fading 
and direction changes have heretofore been based upol 
observations of the combined effect of the ground and 


1 The investigation of which this forms a part has been 
supported by a grant from the Heckscher Foundation 
for Research at Cornell University. 
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sky waves. In the method to be described the two waves 
are observed separately. A further advantage of the 
method arises from the fact that it is visual—changes in 
intensity, phase and polarization are indicated by the 
motion of a spot of light, and the changes in the two 
waves can be followed simultaneously and from instant 
to instant. The method practically amounts to using 
two radio compasses, one pointed toward the sending 
stution and the other at right angles to this direction. It 
ean be shown that the latter can not respond at all to the 
ground wave but that if the sky wave has a component 
polarized with its electric force horizontal this receiver 
will respond. The other receiver responds to the com- 
bined effect of the ‘ground wave and the vertical com- 
ponent of the sky wave. To make the method a visual 
one each receiver has been connected to one pair of plates 
of a cathode ray oscillograph. Without going into de- 
tails the result is that a spot of light indicates by its 
horizontal movement the ground wave and by its vertical 
movement the sky wave. The oscilloscope will therefore 
ordinarily show a Lissajous figure, which may be either 
an ellipse or a straight line and which is usually chang- 
ing both in shape and size. For a period of about six 
weeks during the summer and early fall observations were 
made nearly every day during the sunset period. The 
method has been used chiefly with the carrier waves of 
a number of different broadcasting statious and gives a 
graphic picture of the phenomena that is both instructive 
and fascinating. It is surprising to find that modulation, 
unless unusually strong, is hardly noticeable. Unusually 
loud jazz or a particularly strong voice will cause the 
figure to tremble and become somewhat indistinct. Ob- 
servations were in progress during the broadcasting of 
Mr. Hoover’s acceptance speech, and the rhythm of the 
sentences and words that were specially stressed could be 
readily noticed. But modulation is rarely a source of 
serious disturbance. Static on the other hand destroys 
the figure completely and makes the spot move in an 
erratic way that is beyond description. During the day- 
time the oscilloscope figure is usually a horizontal straight 
line of nearly constant amplitude. Toward sunset the 
line begins to tilt slowly and to change in length, or it 
may open up into an ellipse. These evidences that the 
sky wave is becoming of importance become increasingly 
noticeable, and often, just after sunset, there is a period 
of extremely rapid change in the figure—sometimes a 
continuous rotation—which we interpret as due to the 
rapid rise of the Heaviside layer that follows the setting 
in of darkness. Later, when night conditions have be- 
come established, the changes in the figure are usually of 
moderate activity and apparently quite erratic. The 
observations confirm the view generally held that fading 
may result from several widely different causes. In some 
cases—indiecated by a continuously rotating figure—it is 
evident that fading is due to the changing polarization 
of the sky wave. In other cases it is just as evident that 
fading is due to interference. In such cases the width 
of the oscilloscope figure changes back and forth, often 
passing through zero, while its height remains constant. 
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Sometimes the figure remains unchanged in shape for ten 
minutes at a time but expands and contracts. It would 
seem that this behavior, if not the result of actual 
changes in the energy radiated, must be due to absorp- 
tion by a cloud of ionized air which affects both waves 
alike and which must therefore be near the sending sta- 
tion or the receiving station. We have had the opportu- 
nity on one occasion (September 8) to observe the dis- 
turbed conditions that accompany an auroral display. 
The extremely rapid and violent changes in the oscillo- 
scope figures that were seen after the display began were 
all the more striking because of the fact that just a 
short time before the figure was so quiet that we had 
about decided to draw the observations to a close. While 
we have worked so far chiefly with waves in the broad- 
cast band enough observations have been made with short 
waves to show that the use of the method with short- 
wave stations, either in this country or abroad, presents 
no serious difficulties. The method is even more satis- 
factory with code stations than with broadcasting sta- 
tions, for the signals occur so rapidly that the figure per- 
sists from one to the next and there is no modulation to 
blur it. Although it is too early to draw any far-reach- 
ing conclusions from the results thus far obtained there 
is every indication that the new method of observation 
will prove of distinct value. 


The oscilloscope as a means of studying flicker in light 
sources: FREDERICK BEDELL (introduced by Professor 
Ernest Merritt). The flicker in the light given by an 
alternating current lamp is often of sufficient magnitude 
to be obvious to the casual observer. A quick turn of 
the eye makes one conscious of it. Even when not obvi- 
ous the flicker is not infrequently a source of unconscious 
annoyance. In each cycle or alternation of the alternat- 
ing current, the candle-power of the light comes twice to 
a maximum value, just a little after the current reaches 
either a positive or a negative maximum. Thus, in a 
lamp operated on a circuit having a frequency of sixty 
cycles per second, the candle-power comes to a maximum 
value one hundred and twenty times each second. This 
effect has previously been studied by the author! and 
others by laboriously measuring the instantaneous 
changes in lamp resistance during an alternation, changes 
in lamp resistance being accompanied by corresponding 
changes in candle-power. Aside from the labor involved, 
an objection to this method is the inaccuracy due to 
changes in conditions during the time (several hours) 
that is necessary to obtain the data for a single curve. 
A theoretical study shows that these instantaneous 
changes in resistance cause a distortion? in the wave- 
form of current; that is, when the line voltage is a 
smooth sine-wave, the current is not a pure sine-wave but 
has superposed ripples of triple and higher frequencies. 


1F. Bedell, ‘‘Measurement of Instantaneous Lamp 
Resistance,’’ Elect. World, 371, Feb. 9, 1911. 

2 F. Bedell and E. C. Mayer, ‘‘ Distortion of Alternat- 
ing Current Wave Form,’’ Trans. A. I. E. E., 34: 333, 
1915. 





602 


As a result of this distortion, the power absorbed by the 
lamp is slightly less than, instead of exactly equal to, 
the product of the current and voltage; in other words, 
the power factor is less than unity, although the resis- 
tance is non-inductive. A further result, which is of 
theoretical interest, is that vector diagrams, in the case 
of distorted currents,3 can no longer be accurately drawn 
in a single plane as they are commonly represented in 
engineering calculations. The direct study of lamp 
flicker has been made possible by the Bedell-Reich Sta- 
bilized Oscilloscope; the variations are directly visible 
and no time is required for taking observations. In this 
instrument a curve is delineated by a spot of light mov- 
ing on the fluorescent screen of a cathode-ray oscillograph 
tube. By a special device, described at a meeting of the 
American Institute of Electrical Engineers,* this spot 
moves across the screen with uniform velocity from left 
to right. It also has a vertical displacement propor- 
tional, at any time, to whatever quantity (in this case 
candle-power) is being studied. By persistence of vision, 
the moving spot thus appears as a curve showing the 
value of candle-power (or other quantity) from instant 
to instant. By a feed-back device in the oscilloscope the 
curve is held stationary in a fixed position, so that it may 
be traced or photographed. Designed for the direct 
observation of electrical quantities, the oscilloscope has 
already been used for observing variations in sound by 
the use of a microphone. It thus affords a means for 
the study of various types of sound reproducers. At a 
recent meeting of the National Association of Piano 
Tuners the use of the oscilloscope for the measurement 
of pitch, to an accuracy of one part in five thousand, was 
demonstrated by Dr. R. C. Burt and others. In the pres- 
ent study a corresponding use of the oscilloscope has 
been made for the study of light variations, by means 
of a photoelectric cell which gives a current proportional 
to the light that falls upon it. For this purpose a 
vacuum cell containing sodium deposited electrolytically 
through the glass proves most reliable. The method of 
studying light variations by means of the oscilloscope has 
only recently been developed; thus far no extensive appli- 
cations of the method have been made. The experimental 
psychologist may find in it a means for the study of eye 
fatigue; the practical engineer, a means for selecting the 
lamps to be used in cases where flicker is most likely to 
be objectionable, particularly on low-frequency circuits. 
A study of the wave-form of candle-power is in progress. 


Oil films on water: InviING LANGMUIR (introduction by 
Charles Alexander Richmond, President of Union College; 
an educational Photophone film). 


Exvonential yield of posite ions by electron collisions 
in argon: KATHARINE B. BLopGEeTT (introduced by I. 


8¥. Bedell, ‘‘Non-Harmonie Alternating Currents,’’ 
Journ. A. I. E. E., 46: 1057, Oct., 1927. 

4F. Bedell and H. J. Reich, ‘‘The Oscilloscope: a 
Stabilized Cathode-Ray Oscillograph with Linear Time- 
Axis,’’ Journ. A. I. E. E., 46: 563, June, 1927. 
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Langmuir). A hot cathode tube containing argon o, 
neon at pressures above 1 mm of mercury will carry 
current many times the saturation electron current from 
the cathode at voltages above the ionization potential of 
the gas. The current increases exponentially with the 
voltage, provided the electron emission from the cathode 
is held constant. Where the electron mean free path js 
short compared with the thickness of the sheath through 
which the cathode fall of potential takes place, the elec. 
trons leaving the cathode ionize by collision as in g 
Townsend discharge to yield a large positive ion current 
flowing to the cathode. This exponential increase of 
positive ion current with voltage is the same whether the 
current lies in the range 20-100 micro amp. or the range 
1-20 amp. The currents in the higher range were deter. 
mined by passing through the tube a condenser discharge 
which lasted too short a time to heat the cathode, and 
measuring the peak current which flowed. 


On the absolute magnitudes of long period variables: 
HaRkLOW SHAPLEY. 


A study of the Coma-Virgo cluster of extra-galactic 
nebulae: HaRLOW SHAPLEY. 


On meteoric matter near the stars: Henry Norris 
RUSSELL. It has generally been assumed that solid 
meteorites may fall into the Sun. Calculation shows, 
however, that masses of stone or iron will be completely 
volatilized by the Sun’s heat before they reach its sur- 
face, unless they were originally two or three feet in 
diameter. The gas resulting from the volatilization will, 
however, proceed with unaltered speed and fall into the 
Sun, unless repelled by radiation pressure. Adopting 
Shapley’s estimate that 1,000 million meteors strike the 
Earth every day, and Kapteyn’s determination of the 
total quantity of matter per cubic light year in inter- 
stellar space, it is shown that the average mass per 
meteorite can not exceed two milligrams, and that the 
total quantity of meteoric matter falling into the Sun is, 
at most, sixty tons per second. These values hold for 
meteors of interstellar origin. If the observed meteors 
belong to the solar system, they may be larger, but few 
will hit the Sun. The total amount of light which can 
be seattered by the meteoric gas depends on the ratio of 
radiation pressure to gravity. If this is small, little 
light is scattered; if great, the gas is driven away from 
the star. The maximum effect is produeed when radia- 
tion pressure and gravity nearly balancé one another. 
Meteoric matter near the Sun may scatter enough light 
to account for a small fraction of the brightness of the 
corona, but can not exert enough effective absorption in 
the spectrum to produce the equivalent of a single nar- 
row Fraunhofer line. For the stars in general, condi- 
tions are similar, and it is concluded that meteoric mat- 
ter, or gas arising from its volatilization, can account for 
such bands in the spectrum as have been observed at 
Harvard only in the case of a star immersed in very 
dense nebulosity, and probably not even then. 


(To be continued) 





